7
.
>
\*J
The Distribution
of Sample Means

A
|

9
| =
|

The Logic of
Hypothesis Testing

Single Group Analyses

Single Group Experiments

T-test  Z-test
T-test
Mixed-effects models

Multi-Group Analyses

Single Sample Design
Pre-Post Designs
Repeated Measures Designs

Multi-Group Experiments

T-test
Analysis of Variance
Regression Analysis

Mixed Analyses

Two Group Design
Multi-Group Design
Continuous Predictor Design

Mixed Experiments

Mixed-effects models

Analysis of Covariance

Group Design with
Repeated Measurements

Group Design also measured on
a continuous variable

2

Single Group Analyses

Single Group Experiments

T-test Z-test
T-test
Mixed-effects models

Multi-Group Analyses

Single Sample Design
Pre-Post Designs
Repeated Measures Designs

Multi-Group Experiments

T-test
Analysis of Variance
Regression Analysis

Mixed Analyses

Two Group Design
Multi-Group Design
Continuous Predictor Design

Mixed Experiments

Mixed-effects models

Analysis of Covariance

Group Design with
Repeated Measurements

Group Design also measured on
a continuous variable

o3

& %041
&

Z-Test Statistic

o4
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Z-Test Statistic

+ Requires knowledge of population p
(mean before treatment)

» Requires knowledge of population ¢?

o5

Single Group Analyses

Single Group Experiments

T-test Z-test
T-test
Mixed-effects models

Multi-Group Analyses

Single Sample Design
Pre-Post Designs
Repeated Measures Designs

Multi-Group Experiments

T-test
Analysis of Variance
Regression Analysis

Mixed Analyses

Two Group Design
Multi-Group Design
Continuous Predictor Design

Mixed Experiments

Mixed-effects models

Analysis of Covariance

Group Design with
Repeated Measurements

Group Design also measured on
a continuous variable

LT3

Single Group Analyses

Single Group Experiments

T-test Z-test,,
T-test
Mixed-effects models

Multi-Group Analyses

Single Sample Design
Pre-Post Designs
Repeated Measures Designs

Multi-Group Experiments

T-test
Analysis of Variance
Regression Analysis

Mixed Analyses

Two Group Design
Multi-Group Design
Continuous Predictor Design

Mixed Experiments

Mixed-effects models

Analysis of Covariance

Group Design with
Repeated Measurements

Group Design also measured on
a continuous variable

o7

Single Group Analyses

Single Group Experiments

T-fest, Zfest..
T-test
Mixed-effects models

Multi-Group Analyses

Single Sample Design
Pre-Post Designs
Repeated Measures Designs

Multi-Group Experiments

T-test
Analysis of Variance
Regression Analysis

Mixed Analyses

Two Group Design
Multi-Group Design
Continuous Predictor Design

Mixed Experiments

Mixed-effects models

Analysis of Covariance

Group Design with
Repeated Measurements

Group Design also measured on
a continuous variable

o3
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Single Group Analyses

Single Group Experiments

T-fest, Zlest
T-test
Mixed-effects models

Multi-Group Analyses

Single Sample Design
Pre-Post Designs
Repeated Measures Designs

Multi-Group Experiments

T-test
Analysis of Variance
Regression Analysis

Mixed Analyses

Two Group Design
Multi-Group Design
Continuous Predictor Design

Mixed Experiments

Mixed-effects models

Analysis of Covariance

Group Design with
Repeated Measurements

Group Design also measured on
a continuous variable

.9

Single Group Analyses

Single Group Experiments

T-fest, Zlest.
T-test
Mixed-effects models

Multi-Group Analyses

Single Sample Design
Pre-Post Designs
Repeated Measures Designs

Multi-Group Experiments

T-test
Analysis of Variance
Regression Analysis

Mixed Analyses

Two Group Design
Multi-Group Design
Continuous Predictor Design

Mixed Experiments

Mixed-effects models

Analysis of Covariance

Group Design with
Repeated Measurements

Group Design also measured on
a continuous variable

Z-Test Statistic

+ Requires knowledge of population p
(mean before treatment)

» Requires knowledge of population g?

>
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S 0]

The sample variance is an
unbiased estimator of the
population variance.

Popdoﬁgn
X

True
Standard Error

‘Somp@

5%

Estimated
Standard Error

True Standard Error.

02

n

O
i

Estimated Standard Error
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Z-Test Statistic

+ Requires knowledge of population p
(mean before treatment)

» Requires knowledge of population ¢?

T-Statistic, General Form

- sample statistic - population parameter

estimated standard error of statistic

©)
T-Test Statistic
| X-—u
- =
X
| Si
+ Requires knowledge of population p
(mean before treatment)
(D)

T-Statistic, General Form

__sample statistic - population parameter

estimated standard error of statistic

20
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T-Tests

One Sample |

Measures Measures

Dependent é Independent

e2]

T-Tests

1 One Sample |

Measures Measures

Dependent é Independent

22

T-Statistic, General Form

- sample statistic - population parameter

estimated standard error of statistic

23

T-Statistic, One Mean

sample mean - population mean

~ estimated standard error of mean

24
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T-Statistic, One Mean

if Hy is True

(if there is no effect)

~

sample mean - population mean

estimated standard error of mean

25

T-Statistic, One Mean
X—u
f.=—X
X S}

+ Requires knowledge of population p
(mean before treatment)

26

T-Tests

One Sample |

Dependent Independent
Measures Measures

.27

T-Tests

Dependent Independent
Measures Measures

l One Sample

28
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[~IColumns (3/0)
 Lightbulb Number
 Brand

4 Hours before Burn out

All rows 100

cooco

Lightbulb
Number

Hours before
Burn out
6140.6
6220.1
5735.5
5868.6
6216.2
5885.9
6093.7
5809.3
5893
6283
5925.9
5915.3
5944.1
5730.3
6130.8
6032.2
6004
5949
6214.9
5979.4
6105.6

29

3]

e

 EZES Graph  Tools  Add

Distribution
FitY by X
Matched Pairs

Tabulate

Fit Model

Modeling
Multivariate Methods

The distribution of values in each column
Select Columns. Cast Selected Columns into Roles

Quality and Process

Reliability and Survival =1 @ Lightbulb Number AHours b...Burn out
dhBrand optional
Consumer Research PIE e

optional numeric

optional numeric

(] Histograms Only

optional

il

®30

¥ [Fitinseen
Display Options
- Histogram Options
Normal Quantile Plot
 Outlier Box Plot
Quantile Box Plot
Stem and Leaf
CDF Plot
restven
Test Std Dev ’
Confidence Interval >
’ Prediction Interval
1 Tolerance Interval

Capability Analysis

Continuous Fit
Save

32
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Sl | 0.0 Bulblife mp: Disrbution o Hours befor... |
SR CINAPIRY

" ~ Distributions

* = Hours before Burn out

Al

w0 S0 S0 600 %0

066 Test Mean

Specify Hypothesized Mean 6000

Enter True Standard Deviation to do z-test rather than t (————
test

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

@ ()

> Quantiles
” ~Summary Statistics
Voan

e33

Hypothesis Test

p-value < o p-value > o
4 e

Reject H, Fail to Reject H,
or Retain H,, J

“Statistically Signiﬁcant”J

®35

0606 Test Mean

Specify Hypothesized Mean 6000

Enter True Standard Deviation to do z-test rather than t ————
test

' BulbLfejmp: Distrbutin of Hours bfor... | § ,é
»!e+&e??%»§ -

7 =Hours before Burn out

e B |

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

@ ()

s s soo 600 a0

> Quantiles
¥ [~/Summary Statistics

 [~ITest Mean

Degrees of

X — ‘LL Freedom
X

Hypothesized Value 6000
Actual Estimate  5955.57
oF 09

StDev 154073

Two-tailed
P-value

034

T-Tests

Dependent Independent

One Sample
B Measures Measures
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Dependent
Measures

One Sample

Measures

Independent

JELEIZEN Graph  Tools  Add-

Distribution
Fit Y by X
Matched Pairs

Tabulate

Fit Model

Modeling
Multivariate Methods

Quality and Process
Reliability and Survival

v vy vy

Consumer Research

037

One Sample

JELEIZEN Graph  Tools  Add-

Distribution
Fit Y by X
Matched Pairs

Tabulate

Fit Model

Modeling
Multivariate Methods

Quality and Process
Reliability and Survival

v vy vy

Consumer Research

Dependent
Measures

Independent
Measures

38

1Group-BloodPressure

Effects of Blo:
Pre-Post, D

L L
|6066 _¥] 1Group-BloodPressure.jmp.

[~]1Group-BloodPr... » | < ] subject
= Number Placebo Treatment
128 126

120
108
124
133
[~]Columns (3/0) 121
i Subject Number 138
A Placebo 13
A Treatment 110
101
121
116
134
125
11
127
130
17
139
108
127
124

Single Sa

mple

Blood Pre:

Drug
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T-Statistic, General Form

__sample statistic - population parameter
estimated standard error of statistic

)
T-Stafistic, Dependent Measures

. X,, - population difference score mean
estimated standard error of difference score mean

®43

0)
T-Statistic, Dependent Measures
_ sample difference score mean - population difference score mean
= estimated standard error of difference score mean
Single Sample
Blood Pressure Drug
X,
Sample X - X
Xy -— Xy : Xp2
- T
‘ Xn - Xn

1/19/15

11



Population Representation
Blood Pressure Drug

T-Statistic, Dependent Measures

)_(D )

estimated standard error of difference score mean

; ©)
T-Statistic, Dependent Measures
i X,, - population difference score mean
~ estimated standard error of difference score mean
©)

T-Statistic, Dependent Measures

048

1/19/15
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T-Statistic, Depe

. ©
ent Measures

. o
T-Statistic
t:X'ﬂi
Sx
. | )
T-Statistic, Def t Measures
t= XD i ;uD
5%,

1/19/15
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T-Statistic, Dependent Measures

0

if Hy is True
(if there is no effect)
t= XD - Uy

®53

T-Statistic, Dependent Measures

0

if Hy is True
(if there is no effect)
0

®54

T-Statistic, Dependent Measures

®55

T-Statistic, Dependent Measures

iy XD

te =—=
D

SXD

?)

SD

SX == T

2 n

Where n is the
number of
difference scores

df fortXD =n-1)

056
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[+ 1Group-BloodPr

Subject
Number Placebo Treatment

57

.

Table Columns v = Functions (grouped)¥ g |
Subject Number | |=A|  Row
Placebo x| =] Numeric
Treatment
Difference Score | ¥ [%[S] T Ao
SZlwlg]  Craacir (Azoly )
Characte
Conditional
Probability

Discrete Probabilit

Treatment - Placebo.

. 58

Distribution
FitY

Matched Pairs
Tabulate
Fit Model

Modeling
Multivariate Methods

Quality and Process
Reliability and Survival

Consumer Research

LY Distribution,

The distribution of values in each column
Select Columns Cast Selected Columns into Roles Action

=] & Subject Number Difference Score
dPlacebo optional
ATreatment gl
dDifference Score

optional numeric

By optional

(] Histograms Only

59
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———
© © © 1Group-BloodPressure.jmp: Distribution...

[ 2 & +RbNL @ P k]

Histogram Options

Normal Quantile Plot
 Outlier Box Plot

Quantile Box Plot

Stem and Leaf

CDF Plot

Test Std Dev -

Confidence Interval ~ » ©
Prediction Interval

*  Tolerance Interval

v Capability Analysis
Continuous Fit
Save

Remove

s
m\ | © © © 1Group-BloodPressure.jmp: Distribution... | @

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

" [~IDifference Score

If you also want a nonparametric test: M 3+ - .
(1) Wilcoxon Signed Rank -
! nﬂﬂmmn B
5 0 s 3 .
” Quantiles
¥ ~'Summary Statistics
Mean 488

Std Dov 21285032
StWEmMean 02128583
Upper 96% Moan -4.457641
Lower 95% Moan -5.302359

100

. 062

| © 0 6 1Group-Bloodpressure,jmp: Distributio

0886

Specify Hypothesized Mean | " = Distributions
Enter True Standard Deviation to do z-test rather than t [——— = Difference Score

If you also want a nonparametric test: . 1 -
(7] Wilcoxon Signed Rank
- \:J:||:| m [ a
is E . 3
> Quantiles

[~/ Summary Statistics
Mean

N
7 [~ITest Mean

Hypothesized Valuo
Actual Estimate

Two-tailed
P-value

T, @

= o C\\
U7 Graph  Tools Add-f \ - @
Di n . - .
-

| Matched Pairs

Tabulate

Fit Model

.

Modeling
Multivariate Methods

Quality and Process
Reliability and Survival

Cast Selected Columns into Roles.

| Y, Paired Response | Placebo

vy VY vv

Consumer Research

‘optional numeric

X, Grouping | optional
Wei tional numeric
L Weight __J op Recall

optional numeric:
Help
8y optional

1/19/15
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606 IGroupr[oodPréssure.jmp: Matched...

Difference: Treatment-Placebo

¥ ~IMatched Pairs
" Difference: Treatment-Placebo

Treatment 120.15 t-Ratio -22.9259

Mean Difference -4.88 Prob>Itl  <.0001"
Std Error 0.21286 Prob>t  1.0000
Upper 95% -4.4576 Prob<t <0001

KX ? @ *3*»;

100 110

120 130 140
Mean: (Treatment+Placebo)/2

125.03 DF 99

Degrees of
Freedom

0 Placebo
SD
Sz =l
D
n Lower 95%
N
C
(]

0.98132

Two-Tailed
p-value

065

=

Hypothesis Test

( /

 p-value< p-value > o
\ J

J

l ]

Reject H, Fail to Reject H,
“Statistically Significant” or Retain H,

A

066

T-Tests

One Sample

Dependent

Measures

Independent
Measures

LUEZ Graph Tools Add
Distribution
Fit Y by X

Matched Pairs

Tabulate

Fit Model

| Modeling
| Multivariate Methods

| Quality and Process
| Reliability and Survival

v Vvyv vy

| Consumer Research

Dependent

One Sample
B Measures

Measures

Independent

LUEUZZY Graph  Tools  Add

Distribution

LUCUZLN Graph  Tools  Add-|
Distribution

FitY by X

| Matched Pairs

Fit Y by X

| Matched Pairs

§ Tabulate | Tabulate
: Fit Model Fit Model
| Modeling Modeling

| Multivariate Methods Multivariate Methods

Quality and Process
| Reliability and Survival

|

| Quality and Process
| Reliability and Survival

v Vvyv vy
Y vy vy

| Consumer Research Consumer Research
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Independent
Measures

Dependent
Measures

LUE0ZZN Graph  Tools  Add

Distribution
Fit Y by X
Matched Pairs

(02 Graph  Tools  Add-|

| Distribution

! FitYbyX 1
|

| Matched Pairs

| Tabulate Tabulate
| Fit Model Fit Model
| Modeling Modeling

Multivariate Methods Multivariate Methods

Quality and Process
Reliability and Survival

Quality and Process
Reliability and Survival

Yy vy vv
vy vy vy

| Consumer Research Consumer Research

2Group-BloodPressure ’\:‘%

Effects of Blood Pressure Drug
Two Groups, In‘.c\iepe%rg(de\r)’r Meosures

1000 [*) 2Group-BloodPressure.jmp i

[~]2Group-BloodPr... » | < =
= Subject Number Group mmHg
1 1 Placebo 144
2 2 Placebo 17
3 3 Placebo 136
4 4 Placebo 105
5 5 Placebo 143
[~ Columns (3/0) 6 6 Placebo 127
4 Subject Number 7 7 Placebo 141
i Group 8 8 Placebo 115
4 mmHg 9 9 Placebo 130
10 10 Placebo 120
1 11 Placebo 116
12 12 Placebo 135
13 13 Placebo 128
14 14 Placebo 140
All rows 200 15 15 Placebo 115
Selected 0 16 16 Placebo 122
Excluded 0 17 17 Placebo 116
el ¥ 18 18 Placebo 137
19 19 Placebo 123
20 20 Placebo 17
21 Placebo 124

°70

Independent Samples Experiment

T-Statistic, General Form

Population
n, Treatment 1
S?
Sample 1 1
Rgndom
Ny ) > Trecfmemd,__.
S2
Sample 2 2
L[] o7

sample statistic - population parameter

estimated standard error of statistic

1/19/15
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T-Statistic, Two Mean Difference

0

b sample mean difference - population mean difference

estimated standard error of the mean difference

®73

T-Statistic, Two Mean Difference

(X, — X,) - population mean difference

* estimated standard error of the mean difference

Independent Samples Experiment

A
. Population

\ry-—-p Treatment 1}—-)
57

Sample 1
Random

. Assignment
\ny__, Treatment 2’_,
S2
Sample 2 2

Independent Samples Experiment

............................................................

Hypothetical
: | Population \ )_(
— ! Treatment 1> Treatment 1

: n 1
: \y——.’ 52

) Sample 1 °|

Population |:

Populatign -
: Treatment 2]..> Treatmenf 2 n, X2
: Sample 2“2

1/19/15
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T-Statistic, Two Mean Difference

(X, — X,) - population mean difference

* estimated standard error of the mean difference

e77

T-Statistic, Two Mean Difference

_ (YI_J?Z)_(IJI_;UZ)
estimated standard error of the mean difference

T-Statistic, Two Mean Difference

if Hy is True

(if there is no effect)

= (Xl_)?z)_(ul_ﬂz)
estimated standard error of the mean difference

Independent Samples Experiment

............................................................

Hypothetical
| Population \ )_(
—>: Treatment 1|-»‘ Treatment 1 1
. n
: \y——.’ SZ
Sample 1 °|

Populatign A

. Population | :

5 Treatment 2 Treatmenf 2 n XQ
: 2
: Sample 2“2

1/19/15
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If Hy is True

(H1—Hp) =0

)
T-Statistic, Two Mean Difference

if Hy is True

(if there is no effect)

_ (YI_J?Z)_(IJI_;UZ)
estimated standard error of the mean difference

082

©
T-Statistic, Two Mean Difference

if Hy is True

(if there is no effect)

= (Xl - Xz) = (O)
estimated standard error of the mean difference

83

T-Statistic, Two Mean Difference

= ()? 1 X 2)
estimated standard error of the mean difference

*84

1/19/15
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T-Statistic, Two Mean Difference

= (Xl i Xz)
estimated standard error of the mean difference \

e85

T-Statistic, Two Mean Difference

e (X1 — Xz)
S()?l—)?z)

386

T-Statistic, Two Mean Difference

_ (X1 - Xz)
X -X,) —
X -X)

eg7

T-Statistic, Two Mean Difference

0

_ ()_(1 - )_(2)

X -X)

S®-%)

iti

Estimate of the Standard Deviation
of the Sampling Distribution of the
Sample Mean Difference

o388

1/19/15
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Independent Samples t-test

« Appropriate for independent-samples or
independent-measures designs

o Treatments are applied to separate groups of people; no
person experiences both freatments.

o Also called a between-subjects design

» Two Varieties
o Equal Variance Assumed (Pooled T-Test)
o Equal Variance Not Assumed (Behrens—Fisher problem)

0389

Independent Samples Experiment

5 Population

A .

: | Population )_(

—>: Treatment 1 Treatment 1 . 1
3L_ 1 » n

A - \y—> 2

‘ Treatment 2‘..

Independent Samples t-test

+ Appropriate for independent-samples or
independent-measures designs

o Treatments are applied to separate groups of people; no
person experiences both freatments.

o Also called a between-subjects design

» Two Varieties
o Equal Variance Assumed (Pooled T-Test)
o Equal Variance Not Assumed (Behrens—Fisher problem)

e91

T-Statistic, Two Mean Difference

- (Xl _Xz)

®-%) =
X=X3)
df fortg 5 =(m—1)+(n,~1)
Equal Variances Assumed
[ ] 092

1/19/15
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3

4
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[=|Columns (3/0) 6
A Subject Number 7
i Group 8
9

10

11

12

13

14

Al rows 200 15
Selected [ 16
Excluded o T
Hidden o e
Labelled o I
20

Subject Number

NG VAW

Group
Placebo
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Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo

Placebo

odPr

00

93

=

(00 st e vt |
TERACIK CIONAPIRY L

.
-
.

=

WEUZE Graph  Tools  Add-|
- Distribution

Fit Y by X
Matched Pairs

Tabulate
Fit Model

Modeling
Multivariate Methods

Quality and Process
Reliability and Survival

Consumer Research

Distribution of Y for each X. Modeling types determine analysis.

Select Columns

(=1 3 Columns.

=§n§E

__v, Response .4 mmHg
optional

x| don
&

tonal

Block optional
Welght |~ optional pumeric. Help

(g comrarranrc

C o] oo

L] 094
.
e O
)l Iric
L
Analysis of Means Methods
Compare Means
Nonparametric
Unequal Variances
Normal Quantile Plot
o .
\ -
§§Q§ :‘(hlng Column. %:&\‘\?::;
3 096
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©© 6  2Group-BloodPressure: Fit Y by X of mmHg by Group \

2 & + [0 4 P 2% @E '\.\nﬁ

" [~ Oneway Analysis of mmHg By Group
) .

. = &, =X,)
orow *—X;) s
* Oneway Anova &%)

¥ Summary of Fit
Rsquare 0031617
Adj Rsquare 0.026027

Foot Mean Squaro Error  9.86853
Mean of Response 124.26

7 tTest Degrees of
NG Ao o vrarcos . Freedom
N Gigonco 95600 2501 -

tRatio
SENDI 13956 DF

Uppor CLDIf  -0.8078 Prob >l 0.0115° /
LowerCLDIf 63122 Prob>t 09942 o | =
Confidence 0.95 Prob<t 4 ™~ 2 4

 Analysis of Variance

Sum o

Sourco  DF  Squars MoanSquare FRatio Prob>F

Group. 1 633680 633680 65088 00115 .
o e tmeaw o7 Two-Tailed
CTol 199 19916480 |

¥ Means for Oneway Anova p-valve
Level  Number  Mean Std Error Lower95% Upper 95%

Placobo 100 126040 098685 12600  127.99
. Treatment 100 122480 099685 12053 12443 097
Std Ertor uses a pooled estimate of error variance

Hypothesis Test

7\

p-value < o p-value > o

! l v l Y,
Reject H, Fail to Reject H,

‘ “Statistically Significant” or Retain HO J

Independent Samples t-test

+ Appropriate for independent-samples or
independent-measures designs

o Treatments are applied to separate groups of people; no
person experiences both freatments.

o Also called a between-subjects design

» Two Varieties
o Equal Variance Assumed (Pooled T-Test)
o Equal Variance Not Assumed (Behrens—Fisher problem)

Independent Samples t-test

+ Appropriate for independent-samples or
independent-measures designs

o Treatments are applied to separate groups of people; no
person experiences both freatments.

o Also called a between-subjects design

» Two Varieties
o Equal Variance Assumed (Pooled T-Test)
o Equal Variance Not Assumed (Behrens-Fisher problem)

1/19/15
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- LTS Graph  Tools  Add-
Distribution

Fit Y by X
Matched Pairs

Tabulate

Fit Model

Modeling
Multivariate Methods

Quality and Process
Reliability and Survival

Distribution of Y for each X. Modeling types determine analysis.
Select Columns

(=1 3 Columns.

v vy vv

Consumer Research

(Y. Resporse | Amig
optional
[ cancel |
[Remove |

dh, Group
ERE

| Remove |
g
s || Come)

optional pumeric.

idi ]

R )
®102

®101
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. . Means and Std Dev 55 UN - ‘&&
‘Analysis of Means Methods. o
- .
oL .
Unequal Variances
Equivalence Test
Robust Fit
Power...
SetaLevel
Normal Quantile Plot
COF Plot
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Matching Column...
save

Display Options
Script
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066 2crou-tiocderusu: ey by ol matigiyGoup (&
7 & + (B L e P (%5 \
|” = Oneway Analysis of mmHg By Group
== i, f oo
- . XX
-5 {: ! | et
- e ;
o ‘ Degrees of Dependent Independent
Rasiring e tarcos . Freedom
S = B B Measures Measures
036 Dl ool o ~
oo LR ‘ Y Craoh Tools Add-p
™ Distribution '
FitY by X ! FitYbyX :
- Matched Pairs | Matched Pairs |
Two-Tailed | Tabulate Tabulate
p—volue i Fit Model Fit Model
| Modeling > Modeling >
i Multivariate Methods » Multivariate Methods »
~ Quality and Process » Quality and Process »
§ Reliability and Survival > Reliability and Survival >
| Consumer Research > Consumer Research >
(] ®105 [ ] ®106
T-Tests Advantages of Repeated Measures
. X—u ; _X,-X) + Generally requires fewer subjects

*-X;) — o Each person is providing two pJece

>f data
Yoo

« Well suited for studying changes over time
o A difference score focuses the question on individual change or growth

Dependent
Measures

- y
LU0 Graph  Tools  Add-|
Distribution
Fit Y by X

| Matched Pairs |

Independent
Measures

(NEUZZY Graph  Tools  Add:

Distribution
Fit Y by X
Matched Pairs

» Good for situations where there are large individual

differences
o Each person is their own “baseline™

Matched Pairs

Tabulate Tabulate Tabulate . . .
" o More statistically powerful because the difference scores are less variable
Fit Model Fit Model Fit Model L
- - than the original scores
Modeling Modeling Modeling

Multivariate Methods Multivariate Methods Multivariate Methods

Quality and Process
Reliability and Survival

Quality and Process
Reliability and Survival

Quality and Process
Reliability and Survival

v Vvyv vy
v vyv vy
Yy vy vv

Consumer Research Consumer Research

| Consumer Research
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Placebo .
=10.61
@00 | 1Group-BloodPressure.jmp — " |
~ [*]1Group-BloodPre... » 1
= Subject Number Placebo |'| |'| |'|'|

2
2 Treatment n 0
| K o=11.02
~|[>]Columns (4/0) 2 i
5 _
| 4 Treatment ; I
| 4 Difference Score + 7 H
: I [IJI” il {milp n
2 90 100 110 120 130 140 150
i Difference Score
=213
[l . .
(] . -30 20 -10 10 20 30 L]

®00 | 1Group-BloodPressure.jmp i |

' [=]1Group-BloodPre... > Difference
= Subject Number  Placebo Treatment Score
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= olumns (4/0) Well suited for sTudyih:g changes over time

! : Subjoct Number o Adifference score focuses the question on individual change or growth
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» Good for situations where there are large individual
differences
o Each person is their own “baseline™
o More statistically powerful because the difference scores are less variable
than the original scores
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Problems with Repeated Measures

Potential for carry-over and order effects

o Order effects: One treatment is always second, which means there
could be some effect of braciice, idiigue, lime, eic

o Carry-over effects: One treatment can leak (carry-over) its effect into

the other treatment

o Counterbalancing: switch the order for half of the subjects. Will wash-
out small order and carryover effects

o Use Independent or matched samples. If order or carryover effects
are very strong, cannot use repeated-measures

Questions about the Effect of Some Treatment
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