Form Statistical
Hypotheses

* Hy Null hypothesis |
* H, Alternative Hypothesis f

Predict and
Establish Standard |« Alpha Level
of Evidence

Test Hypofheses ¢ Data collection
* Test statistic

{- Evaluate

* p< a:Reject Hy
* p> a : Fail fo reject Hy

The Nature of Errors in
Statistical Decision Theory

Possible Truths

There is No Effect |

Ho is True

H, is True

There is an Effect

Population e ° 4 Population
IQ of Al oo lad Treated IQ of

+ Treatment ——> | AllIndividuals in
the USA

Individuals in
the USA

=100
o=15

Treatment

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

. 102, 100, 99,

102, 100, 99,
1]1],]902,11&8, 95, X =106
! s=152

111, 92,108, 95,
110, 104...
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Truth
There is No Effect §There is an Effect
. | .
Hy is True § H, is True

Decisions

Truth

There is No Effect §There is an Effect

Ho is True H, is True

@
1

Truth
There is No Effect §There is an Effect
. | .
Hy is True § H, is True
w
@
(@)
K%)
O
()
(@)
Truth
There is No Effect §There is an Effect
Ho is True § H, is True
1
(7]
C | Fail to Reject H,
(@)
K]
@)
()
(@)
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Truth

There is No Effect| | There is an Effect

Ho is True

H, is True

Truth

There is No Effect| § There is an Effect

Ho is True

H, is True

o :
C | Fail to Reject H,
O '@ CORRECT
O
O
@)
Truth
There is No Effect There is an Effect
Ho is True H, is True

& :
C | Fail to Reject H,
O '@ CORRECT
8 Reject H,
QO

o :
C | Fail to Reject H,
O '@ CORRECT
O
O
@)
Truth
There is No Effect There is an Effect
Hq is True H, is True
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C | Fail to Reject H,
O '@ CORRECT
O 5 Reject H,
2 '@ CORRECT
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Truth
There is No Effect | §  There is an Effect
Ho is True H, is True
o :
C | Fail to Reject H,
O '@ CORRECT
8 | Reject Hy
N g VCQRRVECT
Truth
There is No Effect There is an Effect
Ho is True H, is True
o ‘
C | Fail to Reject H,
O '@ CORRECT
K%) A—
8 Reject H, 5 Reject Hy
A @ CORRECT

Truth
There is No Effect| | There is an Effect
Ho is True H, is True
o :
C | Fail to Reject H,
O '@ CORRECT
8 5 Reject Hy
N g VCQRRVECT
Truth
There is No Effect There is an Effect
Ho is True H, is True
o ‘
C | Fail to Reject H,
O '@ CORRECT
K%) A—
8 Reject H, | Reject Hy
N &3 INCORRECT 1V CORRECT
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Decisions

|
|
|

Truth
There is No Effect There is an Effect
Ho is True H, is True
| Fail to Reject H,
@ CORRECT
Reject H, . Reject H,
&3 INCORRECT %@‘ CORRECT

|
|
|

Trufh

There is No Effect
Ho is True

There is an Effect
H, is True

Decisions

|

TruTh

There is No Effect
Ho is True

There is an Effect
H, is True

Fail to Reject H,

Fail fo Reject Hy

' CORRECT @ INCORRECT
Reject H, Reject Hy
€3 INCORRECT @ CORRECT

o , —
C | Fail to Reject H, Fail to Reject H,
O @ CORRECT
2
5 Reject H, Reject H,
N &3 INCORRECT 4 CORRECT
Truth
There is No Effect There is an Effect
] Ho is True H, is True
o , e '
C || Fail to Reject H, Fail to Reject Hy
O |@ CORRECT €3 INCORRECT
(%2)
8 Reject H, Reject Hy
N &3 INCORRECT 8 CORRECT
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There is No Effect
Ho is True

There is an Effect
H, is True

it

There is No Effect
Ho is True

There is an Effect
H, is True

C | Failto Reject H, Fail to Reject H,

O |@ CORRECT € INCORRECT

=1

8 Reject H, Reject Hy

N &d INCORRECT 4 CORRECT
Type | Error

| AType | error is when no effect is present, but a

researcher rejects the null hypothesis

“False Alarm”

or "“Alpha Error”

C | Failto Reject H, Fail to Reject H,
O @ CORRECT € INCORRECT
78
8 Reject H, Reject H,
N &3d Type | Error 4 CORRECT
Truth
There is No Effect There is an Effect

Ho is True H, is True
C | Fail to Reject Hy Fail to Reject Hy
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8
8 Reject H, Reject Hy
A & Type | Eror 4 CORRECT
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There is No Effect
Ho is True

There is an Effect
H, is True

it

There is No Effect
Ho is True

There is an Effect
H, is True

C | Failto Reject H, Fail o Reject H,

O |@ CORRECT &3 INCORRECT

U.) ‘ s i

S| ReiectH, Reject H,

I 1@ Type | Error 4 CORRECT
Type |l Error

| A Type |l error is when a real effect is present, but
a researcher fails to reject the null hypothesis

“Miss” or “Beta Error”

C | Failto Reject H, Fail to Reject H,
O |@@ CORRECT Type |l Error
U.) \ .
8 | Reject H, Reject H,
N la Type | Error 8 CORRECT
Truth
There is No Effect There is an Effect
Ho is True H, is True

C | Fail to Reject Hy Fail to Reject Hy
O |l@ correct @ Type Il Error
1
8 ! Reject H, Reject H,
A & Type I Eror @4 CORRECT
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Smoke Detector

"

)
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Decisions

Truth
There is No Fire There is a Fire
Ho is True H, is True
Failto (/. Fail to
Reject H, W& Reject H,
Reject H, Reject Hy

31

Truth
There is No Fire There is a Fire
' Ho is True H, is True
O e
c Fail fo Fail fo
O | RejectH, Reject Hy
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O :
O Reject H Reject Hy
-
Truth
There is No Fire There is a Fire
* Ho is True H, is True
c Failto (e Fail fo
O | RejectH, ‘- Reject H,
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O | RejectH, </ ! Reject Hy
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32
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There is No Fire

Truth

There is a Fire

There is No Fire
Ho is True

Decisions

Ho is True H, is True
Failto (@) | Fail to
Reject Hy e Reject Hy
Reject H,
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Reject Hy <((m ot
LGP

Decisions

There is No Fire
Ho is True

Failto (e
Reject H, e

Decisions
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V'

Reject Hy <(((u o
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There is a Fire
H, is True

There is No Fire
Ho is True

Failto (4
Reject H, e

Decisions

RIT— —
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Reject Hy <(((u o
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There is a Fire
H, is True

There is a Fire
H, is True




Trufh

There is No Effect
Ho is True

There is an Effect
H, is True

Fail to Reject H,

Fail to Reject Hy
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O | CORRECT & Type Il Error
(98]

5 Reject H, Reject H,
N & Type | Error 4 CORRECT
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Trufh
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Ho is True

There is an Effect
H, is True

Distribution of Sample Means

High Probability Samples
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if Hyi
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D 1 15 2 2.5
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Decisions

Trufh

There is No Effect
Ho is True

There is an Effect
H, is True

Fail o Reject H, Fail fo Reject Hy

:Q CORRECT & Type Il Error
Reject Hy Reject H,
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Probability of Type | Error

p(Type | Error if Hy True) = o
po(Type | Error if H, True) =0

42

Probability of Type | Error

po(Type | Error | Hy True) = o
p(Type | Error | H, True) =0

Conditional
Probability

43
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TruTh ’

There is No Effect
Ho is True

There is an Effect
H, is True

Fail to Reject Hy Fail fo Reject Hy

@ CORRECT @ Type ll Eror
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xR el § CORRECT

44
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Trufh

There is No Effect
Ho is True

There is an Effect
H, is True

Fail fo Reject Hy

Fail to Reject H,

'@ CORRECT & Type Il Error
Reject H, Reject H,
a8 RlT @ CORRECT

45

Trufh

There is No Effect
Ho is True

There is an Effect
H, is True

Probability of Type Il Error

po(Type Il Error | Hy True) =0

o(Type Il Error | H, True) =

47
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8 Reject Hy Reject H,
A | el 4 CORRECT

Truth
There is No Effect There is an Effect
Ho is True H, is True
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O @ CORRECT Q eelro
8 Reject Hy Reject Hy
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48
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There is an Effect
H, is True
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There is No Effect
Ho is True

There is an Effect
H, is True
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I i@ WD Bl w4 CORRECT
Truth
There is No Effect There is an Effect
Ho is True H, is True
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O | Reject H, Reject H
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C | Fail to Reject H, Fail to Reject H,
,g @ CORRECT @ el
O Reject H, Reject H,
q) a Type | Error av Statistical Power
(@) p=a b4 p=1-f
Truth
There is No Effect There is an Effect

Ho is True H, is True
C || Fail to Reject H, Fail to Reject Hy
O | ) Specificity a Type Il Error
e p=1-o p=p
O 1 Reject H, Reject H,
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There is No Effect
Ho is True

There is an Effect
H, is True

Jutne

There is No Effect
Ho is True

There is an Effect
H, is True

Fail to Reject H,

a\ Specificity
L) p=1-a

Fail to Reject Hy
Type Il E
a ypg: ﬁrror

Decisions

Reject Hy

a Type | Error

p=a

Reject H,
\ Statistical Power
& p=1-f

54

O : i
C | Fail to Reject H, Fail to Reject H,
@) V) Specificity a Type Il Error
® — ad p= 1-o0 p= ﬁ
2
O Reject Hy Reject Hy
q) a Type | Error a Statistical Power
@) p=a e p=1P
53
Distribution of Sample Means
a=0.05
High Probab‘ility Samples
0.025 4TS s Thars 0.025
Zz 5 £y 15 il -5 5 1 15 0 25
X 9063 925 9438 96.25 9813 100 10188 10375 10568 1975 109.38

V4

critical =

1.96

Xobserved =106

ze=1.6

Zritical = +1.96

55
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Ho is True

There is an Effect
H, is True

Fail to Reject H,

a\ Specificity
b4 p=1-a

Fail fo Reject Hy
Type Il E
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Decisions

Reject Hy

a Type | Error
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Reject H,
a‘ Statistical Power
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We NEVER “accept” or “prove” the
Null Hypothesis on the basis of sample data

e

e57

Y

Sir Francis Baco David Hume
1561 - 1626 1711 - 1776

e58

A lack of evidence for an effect in a
sample is not good evidence for the
lack of an effect in the population

ev

“"Absence of evidence is
not evidence of absence”

Altman and Bland (1995)

ev
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Tru’rh

éThere is No Effect
Ho is True

There is an Effect
H, is True

Fail to Reject H,

a Specificity
L) p=1-a

Fail to Reject Hy
Type Il E
a yppe: Brror

Decisions

Reject Hy

a Type | Error
p=a

Reject H,
Statistical Power
@ p= 1V—B

Decisions

Tru’rh

éThere is No Effect
Ho is True

There is an Effect
H, is True

Fail to Reject H,

a Specificity
L) p=1-a

Fail to Reject Hy
Type Il E
a yppe: Brror

Reject Hy

a Type | Error
p=a

Reject H,
Statistical P,
@ a ISpIC=G1 _ﬁower

Statistical Power

— Visualizing Statistical Power
— Factors Affecting Statistical Power
— Calculating Power*

Statistical Power

ew

| The power of a test is the probability that the test

will reject a false null hypothesis.

| Power is the probability of detecting a real effect.

1/19/15
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Decisions

R LR

There is No Effect |
Ho is True

There is an Effect
H, is True

Fail o Reject H, Fail fo Reject Hy
1 @ S%ei:h;if:(ity a Typg! Error
Reject H, Reject H,
l a TYDpe:I Exrror 7 Stoﬁs;)iczo]l _F"}ower

065

Distribution of Sample Means

o=0.05

ility Samples
is True

Zcritical = -1.96 Peritical = o

Distribution of zy if Hy is True

|

Z

0

critical -1.96 z

critical

= +1.96

Distribution of zy if Hy is True

|
»w

0

Zeritical = =196 Zeritica = +1.96
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Distribution of zy if H, is True

Distribution of zy if Hy is True

A

Statistical Hypotheses

Null Hypothesis (H,)

Mireatment = Mwithout treatment

0

Zeritical = 1. 96) Zositioal — +1.96

Alternative Hypothesis (H,)

Mireatment # Mwithout treatment

Statistical Hypotheses

Null Hypothesis (H,)

Mireatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment # Mwithout treatment

Statistical Hypotheses

Null Hypothesis (H,)

Mtreatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment & Mwithout treatment
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Population Population

1Q of All Treated IQ of
Individuals in All Individuals in
the USA
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........ a0 N
Population Population
1Q of All Treated IQ of .
Individuals in All Individuals in | -
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}J. = 100 L : :
=15 -
If Hy is true 1 E
s =
n=16 n=16 !
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o e TS TS X =106 . (e T .
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o=15 -
[ i Hyis true | <
LB
‘s
Treatment =

Sample : Sample .

n=16 . n=16 !
74
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Distribution of zy if H, is True

Distribution of zy if Hy is True

Proportion of zg under H,
Effect Size where zg > Zcal

1=1001Q u=-1201Q

Zeritical = 1. 96) z =+1.96

critical

Distribution of zy if H, is True

Distribution of zy if Hy is True .
Proportion of zz under H,
where 2% > Zeritical

l Effect Size Two-tailed p-value < o

Power

1=1001Q u-1201Q

=-1.96 Z = +1.96

“ ‘critical —

critical

Distribution of zy if H; is True

Distribution of zy if Hy is True .
Proportion of zz under H,
where Z3 > Zeritical
Effect Size Two-tailed p-value < o

1=1001Q u=-1201Q

Zeritical = 1. 96 z =+1.96

critical

Distribution of zy if H, is True

Distribution of zy if Hy is True .
Proportion of zz under H,

where Z5 > Zritical
Two-tailed p-value < o

l Effect Size

Power

1=1001Q u-1201Q

Zeritical = =196 z =+1.96

‘critical —
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Distribution of zy if H, is True

Proportion of zz under H,
where Z3 > Zeritical
Two-tailed p-value < o

u=1201Q
=+1.96

Zitical

Distribution of zy if H; is True

Distribution of zy if Hy is True
- Proportion of zz under H,

where zg >z a1

l Effect Size Two-tailed p-value < o

N

Power

u=1201Q
=+1.96

0
X 1
u=1001Q

Zritical = -1.96 Z

critical

386

e85
Distribution of zx if Hy is True
: T —
p=1001Q
Z critical = =1.96 Z ritical = +1.96
eg7

Distribution of zy if H, is True

Distribution of zg if H, is True

Proportion of zg under H,
where ze <7 . |
Two-tailed p-value < a

l Effect Size

Power

1=1001Q

p=ISOIQ

Zohon = 190 7 =+1.96

critical —

@
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Distribution of zg if H is True Factors That Affect Power

Distribution of zy if Hy is True

|| noimundert, « Size of the effect in the population
where Z3% > Zeritical

l Effect Size Two-tailed p-value < o

Power

0

X - .
[ pu=1001Q pu=1201Q

Zeritical = 1. 96) Zeritical = +1.96

L[] 39 L] 90

Estimating
( Malternative ~ Mnull )
i X -
Ty = Ty =
O% o,
L[] 9] L] 092

23



Distribution of zy if H, is True

Distribution of zy if Hy is True .
Proportion of zz under H,

where zg > Zcritical
Effect Size Two-tailed p-value < o

Power

1=1001Q u=1201Q

Zitical = -1.96 Z, =+1.96

critical

93

Distribution of zg if H, is True

Distribution of zy if Hy is True

Proportion of zz under H,
where zg >z,

critical

Factors that Affect Power

« Size of the effect in the population
 Variability in the populations

Effect Size Two-tailed p-value < o
L
Power
0
[ 1=1001Q 1-1401Q
Zeritical = 1. 96 Zeritica = +1.96
094
e S
O-
X
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Distribution of zy if H, is True

Distribution of zy if Hy is True .
Proportion of zz under H,
where 2% > Zeritical

l Effect Size Two-tailed p-value < o

Power

1=1001Q u=1201Q

Zeritical = =196 z =+1.96

‘critical —

Distribution of zy if H, is True
Distribution of zy if Hy is True
Proportion of zz under H,
Weoeome where 7% 2 Zitical
)

Two-tailed p-value < o

Power

0
1=1001Q u=1201Q

Zeritical = -1.96  Z, =+1.96
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Distribution of zy if H, is True

Distribution of zy if Hy is True .
Proportion of zz under H,

where zg > Zcritical
Effect Size Two-tailed p-value < o

Power

1=1001Q u=1201Q

Zitical = -1.96 Z, =+1.96

critical

Distribution of zy if H, is True
Distribution of zy if Hy is True
Proportion of zz under H,
Effect Size where zg > 7 il
)

Two-tailed p-value < o

Power

0
1=1001Q u=1201Q

Zeritical = 1,96 =+1.96

critical

Factors that Affect Power

« Size of the effect in the population
 Variability in the populations

+ Sample Size

+ Alpha level

Distribution of Z-Statistic

High Probability Samples
if H,is True

15 -1 -5 { 5 1 15

-1.96 Z = 190

critical —
o =0.05

N

critical =
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0.05

Distribution of Z-Statistic

High Probability Samples
if H,is True

Distribution of zy if H; is True

Distribution of zy if Hy is True .
Proportion of zz under H;,
where Z% > Zeritical

l Effect Size Two-tailed p-value < o

Power

TEE ) i i -5 5 it 1T 2 9i5
L 1.64 Z =+1.64

critical & & critical

. a=0.10

0
X 1
u=1001Q

u=-1201Q
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Zritical = -1.96 Z

critical

Distribution of zy if H, is True

Distribution of zy if Hy is True

V4

critical =

Proportion of zz under H,
where zg >z a1
Two-tailed p-value < o

j Effect Size

3

Power

0

1=1001Q ] u=1201Q
-1.64 z =+1.64

critical

Distribution of Z-Statistic

0.05

High Probability Samples
if Hyis True
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Z critical — -1.64 Zritical = +1.64
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0.005

Distribution of Z-Statistic

0.005
High Probability Samples
if Hyis True
q5 -5 i 5 T 15
critical = -2.575 V4 =+2.57

critical

| a=001 |

Distribution of zy if H; is True

Distribution of zy if Hy is True .
Proportion of zz under H,

where zg >z

critical

Zritical = -1.64 Zitical

Effect Size Two-tailed p-value < o
Power
0
1=1001Q p=1201Q
N o =0.10

Distribution of zy if H, is True

Distribution of zy if Hy is True .
Proportion of zz under H,
where 2% > Zeritical

l Effect Size Two-tailed p-value < o

Power

Zritical

uF12010Q
=+2.575

: . =001

critical

Factors that Affect Power

« Size of the effect in the population
 Variability in the populations

+ Sample Size

+ Alpha level

» Directional Hypotheses
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Statistical Hypotheses

Directional Statistical Hypotheses

Null Hypothesis (H,)

Mireatment = Mwithout treatment

Null Hypothesis (H,)

Hireatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment # Mwithout treatment

Alternative Hypothesis (H,

Mireatment > Hwithout treatment

)

| Mutually Exclusive and Exhaustive |

Distribution of Z-Statistic

High Probability Samples
if H,is True

Non-Directional

N

critical ~

. =005

Distribution of Z-Statistic

High Probability Samples
if H,is True

Directional
(one tailed)

-1.96 Zesitica = +1.96

-1.5 -1 -5 5 1

1.] 2 2:5
=+1.64

=005 |

Z critical
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Distribution of zy if H, is True

Distribution of zy if Hy is True .
Proportion of zz under H,
where Z3 > Zeritical
Effect Size Two-tailed p-value < o

Power

0
1=1001Q [ u=1201Q ’

o =0.05

Non-Directional
(Two Tailed)

critical = 190 z =+1.96

critical

Distribution of zy if H; is True

Distribution of zy if Hy is True .
Proportion of zz under H,

where zg >z

critical

Effect Size Two-tailed p-value < o
Power
T
0
1=1001Q u=1201Q
2 oo = +1.64 ’ o =0.05
Directional
(One Tailed)

Directional Statistical Hypotheses

Null Hypothesis (H,)

Hireatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment > Mwithout freatment

| Mutually Exclusive and Exhaustive |

Directional Statistical Hypotheses

Null Hypothesis (H,)

Hireatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment < Mwithout freatment

| Mutually Exclusive and Exhaustive |
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Distribution of Z-Statistic

Directional
(one tailed)

High Probability Samples
if Hyis True

25 2 -1.5 -1 -5 5 1 IT 2 25

Z =+1.64

critical

=005 |

Distribution of Z-Statistic

Directional
(one tailed)

High Probability Samples
if Hyis True

25 2 ILS -1 -5 5 1 15 2

z 1.64

critical & &

. =005

25

Distribution of zy if H, is True

Distribution of zg if H, is True

Proportion of zg under H,
where Z% < Zgitical

Two-tailed p-value < & l Effect Size

Power

o =0.05 ition = -1.96 Zesiticas = +1.96

critical —
Non-Directional
(Two Tailed)

0
X 1 1
u=801Q n=1001Q
B

Distribution of zy if H, is True

Distribution of zg if H, is True

Proportion of zg under H,
Whe_re Z% < Zaitical
Two-tailed p-value < a

l Effect Size

Power
0
X 1 1
u=801Q n=1001Q
o=0.05 ‘ Zeritica = -1.64
Directional
(One Tailed)
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Directional Statistical Hypotheses

Null Hypothesis (H,)

Mireatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment < Mwithout treatment

| Mutually Exclusive and Exhaustive |

Directional Statistical Hypotheses

N7
Null Hypothesis (Ho) Null Hypothesis (Ho)
Mireatment < Muwithout treatment Hireatment = Muwithout freatment
Alternative Hypothesis (H,) Alternative Hypothesis (H,)
Mireatment > Mwithout freatment Hireatment < Mwithout freatment
< .

Mutually Exclusive and Exhaustive

Directional Tests

Must specify before running study

Effects in the other direction must be unimportant,
uninteresting, or conceptually unlikely

Potential for abuse makes them suspect fo many
researchers
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Distribution of Z-Statistic

Directional
(one tailed)

Z ritical

=005 |

Distribution of Z-Statistic

Directional
(one tailed)

2. 2 -1.5 -1 -5 5 1 IT 2 2.5
Zritical = +1.64
=24 =005 |

Distribution of Z-Statistic

Directional
(one tailed)

-2. -T -1.5 -1 -5 5 1 IT 2 25
Z critical — -1.96 Zritical = +1.64
i 2 . a=005 |

Distribution of Z-Statistic

Directional
(one tailed)

0.025
-2. -T -1.5 -1 -5 5 1 IT 2 25
Z critical — -1.96 Zritical = +1.64
i 2 . a=005 |
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0.025

in

Ty & 2.4

Distribution of Z-Statistic

Directional (one tailed) test
changed to non-directional
(two tailed) test

-1.5 -1 -5 5 1 IT 2 25
critical — -1.96 L bl +1.64
o =0.05
’ true o = 0075 ‘ °137

Distribution of Z-Statistic

Non-Directional
(Two Tailed)

N

= 1196 Z

o =0.05

critical critical ~ +1.96

Distribution of Z-Statistic

Non-Directional
(Two Tailed)

N

= 1196 Z =+1.96

critical ~

=005 | =V
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Distribution of Z-Statistic

Non-Directional
(Two Tailed)

5 it 1T 2 Di5
Z = .64

critical

=005 | =1

-1.96

N

critical —

Distribution of Z-Statistic

Non-Directional
(Two Tailed)

1

T 2 2.5
critical +1.64

oa=0.05 g7
. true o =0.075? .12

1.96

N

critical ~ ~ Z

DistributionAof Z-Statistic

Non-Directional
(Two Tailed)

T 2 25
Z dritical = -1.96 Zritical = +1.64
S a=0.05
. true o =0.075? o

DistributionAof Z-Statistic

Non-Directional
(Two Tailed)

T 2 255
Zritical = -1.64 Z critical = +1.64
e o =0.05
. tl‘lle o= 0.075? ®144
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Distribution of Z-Statistic

0.05

Non-directional (two tailed)
test changed to directional
(one tailed) test

25 2 1.5 -1 -5 5

T 1T D 25
=+1.64

Z critical = -1.64 Z ritical
o =0.05
~ ‘true & =0.10

Directional Tests

Must specify before running study

Effects in the other direction must be unimportant,

uninteresting, or conceptually unlikely

Potential for abuse makes them suspect to many
researchers

Factors that Affect Power

« Size of the effect in the population
 Variability in the populations

+ Sample Size

+ Alpha level

» Directional Hypotheses

Check Your Understanding

Which of the following is guaranteed

not to increase power?

e Decreasing the alpha level (e.g.0.10=>0.01)

* Increasing sample size

J
F] * Decreasing the population variability
J

¢ Increasing the size of the effect

[ ] * All of the above will increase power
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4%,

Distribution of Z-Statistic %

Check Your Understanding

Which of the following is guaranteed
not to increase power?

0.05

High Probability Samples
if H,is True

W - Decreasing the alpha level (e.g.0.10=>0.01) ]
e 25 -2 its -1 -5 5 1 14 2 25

J * Increasing sample size J I r

} * Decreasing the population variability ] Z critical = -1.64 Ziioa — +1.64

] ¢ Increasing the size of the effect } ‘ oa=0.10 ‘

} ¢ All of the above will increase power }

149 150
Distribution of Z-Statistic N5 N5

Distribution of zy if H, is True

Distribution of zy if Hy is True .
Proportion of zz under H,

Whe.re Z5 > Zritical
Two-tailed p-value < o

j Effect Size

0.005 0.005 Power

High Probability Samples
if Hyis True

1=1001Q u=1201Q
a6t o Felnd

V4

critical ~ -2.575 Z el & =2 57, el ‘ a =S O . 10
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4%,

Check Your Understanding

Which of the following is guaranteed

not to increase power?

]A\ e Decreasing the alpha level (e.g.0.10=>0.01)

J * Increasing sample size

} * Decreasing the population variability
] ¢ Increasing the size of the effect

} ¢ All of the above will increase power

Xon!
Distribution of zy if H, is True
Distribution of zy if Hy is True .
Proportion of zz under H;,
where Z3 > Zeritical
Effect Size Two-tailed p-value < o
1 1
u=1001Q pE1201Q ' 0 01
Ziritinl = 2970 Zoiicl 12575 o=V.
. ®153

Factors that Affect Power

« Size of the effect in the population
 Variability in the populations

+ Sample Size

+ Alpha level

» Directional Hypotheses

Decisions

i R

There is an Effect
H, is True

There is No Effect ;
Ho is True

Fail to Reject Hy Fail fo Reject Hy

|
! @ Spe;:iqi_coilty a

Type Il Error
p=p
Reject Hy Reject Hy
Type | Error Statistical Power
a ypp =a @ p=1P

4%,
St
&
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Statistical Errors

Type | Error

Alpha Error
“False Alarm”

Factors Affecting Error Rate

Alpha Level

Type Il Error
Beta Error

“Miss”

Factors Affecting Error Rate

Alpha Level
Effect Size
Population Variance
Sample Size
Directional Hypotheses
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