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

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-fest
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

Mathematical Models

» Extend our descriptions of nature to situations with

more than two groups

+ Are infended fo be parsimonious descriptions of
effects and relationships (no more complicated

than necessary)

« Can describe functional and also statistical
relationships between variables
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Price of Doing Laundry

Modeling Functional
Relationships

L] L] L]
n = 100 randomly - n = 100 randomly
selected individuals . Cost = f(Number of Loads) selected individuals
F35 $8.00-|
12 $7.00-]
r25
$6.00-|
203
g $5.00|
F1s
rio $4.00-|
rs $3.00-|
:
) o o o o $2.00-|
2 o & < 51,@ & o0 s@-“
$1.00 1 2 3 4
Loads of Laundry
L] L] L]




Cost

. Cost = f(Number of Loads)

n = 100 randomly
selected individuals

$8.00-|

$7.00-|

$6.00-|

$5.00-|

$4.00-|

$3.00-|

§2.00-|sessssssessasssssssensessascsssssass

§1.00

T
Loads of Laundry

Individual’s
Score on = | Overall
Outcome = |Constant
Measure

+

Effect for
Some
Measured
Variable

Price of DOING | e 0 |+ $2 for Every

Laundry - tgsg d?w;

n = 100 randomly
selected individuals

a Cost = f(Number of Loads)

$8.00- Price of Doing | = s2for €
Laundry ~ | = dali:
Laundry

$7.00-|

$6.00-0  sesessssssccccssssscccces

§ $5.00+
$4.00- = eesessssscccccccccseenes
$3.00-

$2.00esssesssssssssssssssssssssensassnne

S1.d T

5 T
Loads of Laundry
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Halloween at a downtown club

.
n = 100 randomly
selected individuals
30
F25
20
15 §
10
s
S7DI.OD SBOI.DD SQOI.OO SlDtI).ﬂﬂ SllIO.DO 512}7.00
o

$140.00

$130.00

$120.00

$110.00+

3
S

$100.00

$90.00

$80.00

$70.00

n = 100 randomly
selected individuals

Cost = f(Number of Drinks)

Number of Drinks

2/2/15



$140.00

$130.00-|

$120.00

$110.00

Cost

5$100.00

$90.00

5$80.00

$70.00

Cost = f(Number of Drinks)

n = 100 randomly
selected individuals

1 ! 2 3 !
Number of Drinks

Price of your
Halloween
night at the
club

Cover
Charge

L

4

$60

$13 for each
+ drink
consumed

$140.00

$130.00

$120.00

$110.00-

Cost

$100.00-

Cost = f(Number of Drinks)

n = 100 randomly
selected individuals

Metondon | = 13f0r each
night atthe [ =| #° diink
9o, consumed

ecescessessesscese

$90.00-]

580.00-]

$70.00

1 T 3 T 3 T T
Number of Drinks
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Parking Permit Cost

2/2/15

Cost

$1,200.0(

n = 100 randomly
selected individuals

Cost = f(Type of Permit)

$1,100.00

$1,000.00~

$900.00

$800.00

$700.00

$600.00-

$500.00

$400.00-

$300.00

$200.00

A T B I M I s
Permit

n = 100 randomly
selected individuals
40
35
30
F25
Lok
F15
1o
s
&e-@ s“’mq.ce s“@?e "Q‘Q& s@@u s"gwne & S“BQ w@e& s\}@'@ 5\’&@00
L] L]
. Cost = f(Type of Permit) U
S110000 7 "t T T e
SLO00008 L eeeecsrcnes
$900.00
$800.00
g $700.00 sremmm———
$600.00
$500.00
$400.00
$300.00
$200.00




Price of Permit

$0.00

+

$1,116.00f A
$972.00 if B
$732.00if
$264.00 if M

Cost

Cost = f(Type of Permit)

n = 100 randomly
selected individuals

$1,200.00

$1,100.00

$1,000.00~

$900.00-

$800.00-

$700.00

$600.00

$500.00

$400.00~

$300.00

$200.

eesesescssesescne

Price of Permit

$1.116,001f A
= +| $r200i8
! $732.00if S

$264.00if M

Price of Permit

$0.00

+

$1,116.00 if A
$972.00if B
$732.001f S
$264.00 if M

Overall Cost
Average Offset

i/

L

Price of Permit

$771.00 |4

$345.00 if A
$201.00 if B
$39.001f S
-$507.00 if M
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Cost

. =100 doml
Cost = f(Type of Permit) selected individuals

2/2/15

$1,200.0

$1,100.00

$1,000.00

$900.00

$800.00

$700.00

$600.00~

$500.00-

$400.00

$300.00

$200.00

Permit

Cost = f(Type of Permit) e

i

I ZETRTINS

] | eeeeeeesseceenns

1004 ‘|V
g - Queral Cost T e itmssasssssosnnd
% 100 verage  Offset
o

-200+

=00 Price of Permit| = [ $771.00 |4 i%éj%g:‘}g

400 -$507.00 if M

5004 sesssssesscces esesscscesssssee

A U B T M T S
Permit
Modeling Stafistical
Relationships




Individual’s
Score on
Outcome
Measure

= |Constant

Overall

+

Effect for
Some
Measured
Variable

Individual's Effect for »
Score on = | Overall + Some + Individual
Outcome = |Constant Measured Error
Measure Variable
L] L]
n =100 randomly
selected individuals
— F9
8
7
6
=
s €
o
4
F3
2
\ m F1
1242].00 3262).00 528{)400 SSO’0.00 3321).00 !34{)400 5361&00
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Cost of Flight

Cost = f(Flight Duration) selacted Indmdualh

360

3404

320

S
3
T

2804

260

2404

T T T T
100 150 200 250
Flight Duration (minutes)

Cost of Flight

Cost = f(Flight Duration) selacied Indmdualh

360

340

320

&
3
T

@
3
T

260

240

T T T
100 150 200 250
Flight Duration (minutes)

Individual’s
Score on
Outcome
Measure

Effect for
- | Overall + Some + Individual
= |Constant Measured Error
Variable

Price for Flight

$0.30 per
— minute of Individual
= 258 [+ Thgnt | T Eror
duration

2/2/15
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Price for Flight

$0.30 per

minute of
$258 |+ | Might

duration

Individual
+ Error

360

340

320

300-|

Cost of Flight

280~

260-|

240-|

T
50 100

T

150
Flight Duration (minutes)

T T
200 250

n =100 randomly
selected individuals

Cost = f(Airline)

n = 100 randomly
selected individuals

$360.00
J

$340.00-|

$320.00-|

$300.

$280.00-|

Cost of Flight

$260.00-|

$240.00-

$220.00 Delta

Southwest
Airlines

Virgin America

— Lo
-8
7
L6
£
ks 5
&
a4
=
2
|_|_| |_|_| 1
T T T T T T T
5$240.00 $260.00 5280.00 $300.00 $320.00 $340.00 $360.00
° L]
.1 n = 100 randomly
Cost = f(Airline) selected individuals
$360.00
! .
$340.00- : '
. 1
. .
$320.00- : . 1
H 1
. . H
- . i i
B sa00. A 3 :
“ i
5 : . H
= . :
8 5280.00-] . H
H [}
$260.00- ‘ !
$240.00-] .
322000 Delta Southwest Virgin America
Airlines
. .
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Individual's
Score on
Outcome
Measure

Overall
Constant

Effect for
Some
Measured
Variable

Individual
Error

Price for
Flight

$11.00 if Delta
-$3.47 if Southwest
-$8.33 if Virgin

Individual
Error

7
_

=

e

.

Price for
Flight

$11.80 if Delta
-$3.47 if Southwest
-$8.33 if Virgin

Individual
Error

-

-

2/2/15
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Functional Relationships

Individual's Effect for
Score on - | Overall 5 Some

Outcome = |Constant Measured
Measure Variable
Statistical Relationships a The General Linear Model
Individual’s Effect for

Score on - | Overall + Some + Individual
Outcome == [Constant Measured Error
Measure Variable

The General Linear Model Regression Model

Regression Models

Cost of Flight
8
S

@
3
T

Mean Structure Models
(Analysis of Variance Models)

260- * ©

X Predic’ror |

T
50 100 150 200 250
Flight Duration (minutes)

13



Mean Structure (ANOVA) Model

$360.00
]

$340.00-|

$320.00-|

£ $300.00-|

The General Linear Model

S $280.00-

Y: Qutcome

$260.00-|

$240.00-|

§220) Delta outhwest L Virgin America

Factor Levels

Regression Models

Mean Structure Models
(Analysis of Variance Models)

The General Linear Model

The General Linear Model

Regression Models
X Variable is Interval or Ratio Scaled

Mean Structure Models
(Analysis of Variance Models)

X Variable is Nominal or Ordinal Scaled

Regression Models
X Variable is Interval or Ratio Scaled

Mean Structure Models
(Analysis of Variance Models)

X Variable is Nominal or Ordinal Scaled

2/2/15
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Population Population

Model Model
Sample Sample

Model Model

N =100
Entire Population

$360.00

$340.00-|

$320.00-|

ght

5 5300,

Cy
t of Fll

8 $280.00-]

C

$260.00-|

T )
W

T T T T
$240.00 $260.00 $280.00 $300.00 $320.00 $340.00 $360.00

$220U0 Delta : Southwest ! Virgin America
o

15



Price for | me
Flight .

$300

$11.80if Delta
-$3.47 if Southwest
-$8.33 if Virgin

+

Individual
Error

One Factor Linear Model
(Population Model)

One Factor Linear Model

(Population Model)

Yy

Y. |=

Score on Y
for the ith individual
in the jth group

B

$360.00

$340.00-|

$320.00-|

ght

5 5300,

st of FI

S $280.00-

C

$260.00-|

$240.00-

$220.00

Delta ! Southwest I Virgin America
Airlines

2/2/15
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Yi(l)

Y(10)(1)

$360.00
$340.00 . .
]
s .
$320.00 : . '
: . !
= . i i
£ s300. - H
£ i i i
5 : . H
2 ' :
8 $280.00 ) :

H [
$260.004 '
$240.004
$220 Delta Southwest Virgin America

Airlines
(] L]
—
$360.00

l//
$340.00-] B *
. 1
. .
$320.00 : . '
: . !
- . i i
5 5300, - H
£ i i i
5 : . H
@ . H
8 5280.00 . H

: ]
$260.00 ° !
$240.00
$220.00 Dol Southwest Virgin America

Airlines
(] L]

$360.00
$340.00 : .
]
' .
$320.00 : . '
: ) g
£ s300. 3 i :
£ i . :
& 5280.004 ' :
: .
$260.00 . 1
$240.004
$220 Delta Southwest T Virgin America
Airlines
L] L]
.
One Factor Linear Model
(Population Model)
’ .o —
I
Score on Y
for the ith individual | =
in the jth group
L] L]
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One Factor Linear Model

(Population Model)

ij

U

Score on Y

for the ith individual | ==

in the jth group

Grand
Mean

$360.00

$340.00-|

$320.00-|

ght

& 5300,

t of Fli

One Factor Linear Model

(Population Model)

Y.

Yy

=[u

Score on Y

for the ith individual | e

in the jth group

- |CGrand
Mean

8 $280.00-
$260.00-] 1
$240.00-]
§220) Delta T Southwest L Virgin America
Airlines
One Factor Linear Model
(Population Model)
I / J
Treatment
fo?tﬁgrrhein%igxclol — %Arggrc‘i =+ | Effect for
in the jth group Group j

2/2/15
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oooooo

000000

0|

0|

7;

: |7, =—$347| |T3=—.$8.33|
b | '

0000000

22222

H ::- al]

uuuuuuuuu
Airlines

Delta

7, =$11.80

Southwest

T, =00 d]

Virgin America

T, = 50850

One Factor Linear Model
(Population Model)

Y..:‘U+T.

Y J

for the ith individual | == | \jeqn || Effect for

ScoreonY Grand Treatment

in the jth group Group |

One Factor Linear Model
(Population Model)

Y, =|u+7. HE;

] J i

ScoreonY Grand Treatment

for the ith individual | == Effect for Error
in the jth group = | Mean + +

Group j

2/2/15
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Y o =340

(0

$360.00

$340.00

$320.004

—

ht

$300.

ig|

$280.00

Cost of Fli

$260.00

$240.00

$220.

Delta

Southwest
Airlines

Virgin America

Eqoyn) = 340-311.80

Eqoyny =282

$360.00

$340.00

$320.004

-~

ht

$300.

ig|

Cost of Fl

$280.00

$260.00

$240.004

$220.00

Delta

Southwest
Airlines

Virgin America

$360.00
1 /
$340.00 : .
. . !
$320.00 : . '
: ; |
£ s300. 3 i :
3 : . :
& 5280.004 ’ ' .
: '
$260.00 1
5240.00
§220) Delta Southwest Virgin America
Airlines
One Factor Linear Model
(Population Model)
7] / J Y
chre On Y _ Grand Treatment
PR | = |Meon|¥| BSOS [ F
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For a Person on Delta

Y =$300+$11.80+¢

For a Person on Southwest

Y, =$300-$3.47 +¢,

For a Person on Virgin America

Y =$300—$8.33+¢,

~

One Factor Linear Model
(Population Model)

Y, =|u+1. HeE;

] J ]

ScoreonY Grand Treatment

for the ith individual | Effect for Error
in the jth group = |[Mean + Groupj +

One Factor Linear Model
(Population Model)

Y, =UHT [HE;

Score on Y Crand Treatment

for the ith individual | Effect for Error
in the jth group = | Mean + Group j +

The Distribution of €

2/2/15
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$360.00

Delta

0

Southwest

Virgin |‘H
T

) — = _
$340.00- : &I 3
= = ’
$320.00- : . '
é g !
£ 5300 s :q } i
B0 : Q = Py
: == . $
$260.00-| ;D _ : El
-B
$240.00-| . E
§220) Delta Southwest L Virgin America
Airlines
Delta
i H_‘
Southwest
o3
Virgin
a3
unlnnl L |
o 50 do o o o 100 2 3% 4 %0 e
Emor, €

T T T A4 T !_l T
o o o i E o o o
S S 2 S e 2 = 2
S S = S = S S S
< g 2 2 8 8 g 8
N S R 5 a o By =
S S o o a a by S
Cost of Flight
° L]
$360.00 —
) E— ==
$340.00- H % )
1
4 3 .
$320.00- : . 1
@ ]
e N H
£ 5300, - é !
5 $300. ®
2 I — —
~ H v é
= i . !
g : :
8 $280.00-] . H
: i —
$260.00- ;I:I L ! B
$240.00-| . E
$220U0 Delta Southwest ! Virgin America
Airlines
- .
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One Factor Linear Model
(Population Model)

One Factor Linear Model
(Population Model)

=T He,

J Y

Score on Y Treatment

Al Sl Grand
—
forthe ithindividual | 22 | Meqn = | Effecifor |« § Error
Jh ootk Group j

UHT HE;

Population

Model
Sample

Model

Y J Y
i | =[S+ | Bt |+ | eror
Population

Model
Sample
Model
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[_[T1 ’ﬂ

T T T T T T
$280.00 $300.00 $320.00 $340.00

T
$360.00

A T )
= v W R L & 4 &

Count

One Factor Linear Model
(Sample Model)

Y+t +le..

ij

J

Yy

$240.00 $260.00
One Factor Linear Model
(Sample Model)
l J 1
Estimated
Score on Y - Est.
oy retiinatiauor | I |Grand) 4 | ST |+ | B,
Group j

S Y = Estimated
core on — : Treatment
ith indivi Grand Error
fo‘;rmﬁemj’;lflnngr‘gggm - Mean + Effect for + (Residual)
Group j
e L]
$360.00
' .
$340.00- : .
: |1,=-$347| | 1,=-$8.33|
$320.00-| - T
i 1
£ $300. :-hk i i
g i G alf
2 : . s
8 $280.00-] ' :

1 =$11.80 : :
$260.00-| !
$240.00-|
322000 Delta ! Southwest Virgin America

Airlines
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One Factor Linear Model One Factor Linear Model
(Sample Model) (Sample Model)

=Y+ HHe, Y, =Y |+t |+e,

Score on Y Est Eilmcie Scoreor Est Estimated
dbsc il — . Treatment Error dbsc il — . Treatment Error
e | = |con| T| efectror [ i e | = |con| 7| Efectror | il
Group j Group j
L] ° .

ne Factor Li rM I e s
Cng O(scorgpléac%(gn Roe Residual” Error

>

Y. =Y+t +le.. e. =Y. —Y

ij J ij ] ] ]

An individual’s residual is the difference

between that individual's ACTUAL

Estimated A
Score on Y Est. Treatment E observed value and the value predicted
re on — bion
fo?n'?ﬁe'”ﬂy'n”é’r‘é‘udﬁ a | == %,{ggr? + Effect for + (Residual) by the model
Group j
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One Factor Linear Model
(Sample Model - Prediction for an Individual)

J

Y,|=|F |+,

Predicted e Estimated

ScoreonY | = |Grand|4| Treafment
for the ith individual Mean Effect for

in the jth group Groupj

One Factor Linear Model
(Sample Model - Prediction for an Individual)

Y, =W,

Predicted

Score on Y = |Sample Mean
for the ith individual | = for Group j

in the jth group

One Factor Linear Model
(Sample Model - Prediction for an Individual)

A —
l -]
Predicted
Score on Y = |Sample Mean
for the ith individual | ™ for Group j
in the jth group

One Factor Linear Model
(Sample Model - Prediction for an Individual)

A —_—
l J
Predicted i Estimated
ScoreonY | = |Grand|+4| Treatment
for the ith individual Mean Effect for
in the jth group Groupj

2/2/15
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“Residual’” Error

“Residual’” Error

>

€ = Yij 14

An individual’s residual is the difference
between that individual's ACTUAL
observed value and the value predicted
by the model

e. :Y.—(Y+l‘j)

y I

An individual’s residual is the difference
between that individual's ACTUAL
observed value and the value predicted
by the model

$360.00

$340.00-|

$320.00-|

Delta m_’_’_m_’_‘
0 Ii

$300.

Cost of Flight

$280.00-|

$260.00-|

$240.00-

$220.00

Southwest
" dhh HTH Lo

) — M= _

g ‘=

E B

| S| = S ==

= =

L L 'B
HE

Airlines

V|rg|n |‘H
g 1] | |

Re5|duol, e
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Calculating the Variance

b

Population e
NIRRT F PSRt 1 SS
— — 2 = —
SS = 5(X, - 1) f:> =
Sample
SS

Calculating the Variance

b

Population

RERRREEEE

T -

Calculating the Variance

Population
S8 =X, — p)’° C> :F
Sample
SS
SS=2(XZ—X)2||:> ar

Calculating the Variance

Population .
ss=2x-pr || o'=—
Sample
_ SS
SS=Z(XZ—X)2[|:> =7
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Sums of Squares for Error

SEDWNAS A
Jj i

The sums of squares for error is the sum of
each individual's squared error

Sums of Squares for Error

55,=3 3.6
Jj i

The sums of squares for error is the sum of
each individual's squared error

Mean Squared Error

MS, =5’ = 55,

e P d‘f‘e

The mean squared error is the mean of the
squared error of each individual

Mean Squared Error Estimates 02

MS 20’

The mean squared error is an unbiased
estimator of the variance in the population

2/2/15
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One Factor Linear Model One Factor Linear Model
(Sample Model) (Sample Model)

=Y+ He, Y, =Y |+t |+e,

Score on Y — Eot, 'Esgg?r?\feerﬂ E Scoreon Y = Esi. .Egg?r?‘feerﬂ E
Ol | = (Gsn| | efecttor | F |edh o et | 3 |Crendl k| Erdcrior | T frein
el Group j
One Factor Linear Model Sample Treatment EffecTs Estimate
(Sample Model) True Treatment Effects

|y 1. =7T.
Yl.j—Y+l‘j+€ij j J

The treatment effects of a sample model

are unbiased estimators of the frue
s y Est Estimated freatment effects in the population
core on -— : Treatment Error
f°2.i*1ﬁe'”ﬂy'\”§r‘é‘udg a1 %,\rggr? + Effect fqr + (Residual)
Group j
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$360.00

$340.00-|

$320.00-|

| (1,=—$347] [1,=-3833]
‘b | '

ght

Sample Treatment Effects Estimate
True Treatment Effects

$300.
2 ; G &l
. :

t of Fli

c
S
Il
&~
—_| -
[a—
o)
S

8 $280.00-]

$260.00-|

$240.00-|

§220) Delta T Southwest L Virgin America
Airl

||||||

l‘jITj

The treatment effects of a Sample model
are unbiased estimators of the true
freatment effects in the population

Inferences about Treatment Effects

Inferences about Treatment Effects

Ho: In the population the cost of
flying is the same for these airlines

H,: In the population the cost of flying
is not the same for these airlines

H, :Not All 7,=0
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