Violations of Homoscedasticity
Holly Raffle (2003) Page 1 of 13

Exploring the ANOVA assumption of homoscedasticity
and itsrelationship to Type | Error using MC4G

1. What are the three main assumptions that need to be met when utilizing the ANOVA F test?

A.

2. A

C.

. What isthe definition of Type | error?

How is Type | error symbolized?

Using an example, explain Type | error in your own words.

these exercise, you will need to use the MCA4G program.

For these exercises, we will be focusing on the Assumption of Homoscedasticity. To complete

[ﬁﬁ MC4G: Monte Carlo Analyses for up to 4 Groups

File Analysis Effect Sizes Options  Settings  Help
NUMBER OF GROUPS FOR AMALYSIS

-

2 Groups [Pooled and Separate ¥ariance t-Tests]
3 Groups [Pairwize Contrasts vs. Alpha-adjusted)
' Groups (Pairwise and Orth iC

3 Groups [All Pozsible Pairwize Contrasts)

)

STATISTICS

Group MEAN S.D. S.E. Group MEAN S.D.
| e —
2

MONTE CARLO OPTIONS

1)

-

4 Groups

GROUP 1
Pop Mean Pop SO ¥
. 28

N

Fiestiction:

[~ Integer Data Only

I~ Minimum Score:

I~ Maximum Score:
Dristribution:

@ Mamal © Pos Skew
" Uniform © Meg Skew

Feliabiity: |1.0

GROUP 2

Pop Mean Pop SD M
0.0 .0
Restrictions
[~ Integer Data Only

i
ﬂ

I~ Minimum S core:
™ Maximum 5 core:

Distribution:
@ Mamal © Pos Skew
" Uniform © Meg Skew

Reliabiity: |1.0

3 Groups [Tukey & Scheffe Contrasts)

GROUP 3
Pop Mean Pop SO

M
no 1.0 25
FRestrictions
[~ Integer Data Only
I~ Minimum Score;
I~ Maximum Score:

Distribution:
® Momal © Poz Skew
™ Unifarm © Meg Skew

Fieliability: |1.0

SEED:

[ Do not change seed automatically
NUMBER OF REJECTIONS

R andam

Hypothesis Being Tested Avg Contrast _# Rejections Proportion

# SAMPLES: 10000

Run 1 Sample| Fiun 10,000 |

Dverall ANDVA F: [

ALL PAIRWISE CONTRASTS

1v2 t-Test Contrast: |

2v3 t-Test Contrast: |

3v1 t-Test Contrast: |

At least 1 Significant Contrast:

ORTHOGONAL CONTRASTS

1v[2+3)/2 t-Test Contrast: |

2v3 t-Test Contrast: |

At least 1 Dithogonal Contrast: |
Both Orthogonal Contrasts Signif.: |

Press F9 to Run Analysis or click >

RUN
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Exercise A:
ANOVA without Violating the Assumption of Homoscedasticity, Balanced Design

1. SETTING THE PARAMETERS FOR THE POPULATION. Set your screen to match the
conditions described below.

A. Number of Groups. Select “3 Groups (Pairwise and Orthogonal Contrasts)”

B. Mean: Because we are examining Type | error, the null hypothesis must be true. Therefore, you
may choose any value for the mean; however al means must be equal.

C. Standard Deviation: Recall that standard deviation is the square root of variance (vVo® = o). In
this first example, we will not violate the assumption of homoscedasticity. Therefore, you may
choose any value for the standard deviation; however all standard deviations must be equal.

D. Sample Size: In this exercise, we will be using a balanced design. Therefore, you may choose
any value for sample size; however al sample sizes must be equal.

E. Number of Samples: To make calculations simple, set the number of samplesto 100.

ok

MC4G: Monte Carlo Analyses for up to 4 Groups

File Analpzis  Effect Sizes Options  Settings Help |A. Set number of groups
HUMBER OF GROUPS FOR AHALYS STATISTICS

" 2 Groups [Poole parate Yariance t-Testz) Gr1|:|up| MEAN | 50, | SE. Grgup| MEAN | S.0. | S.E.
36 anwize Contrasts vs. Alpha-adjuzted]

(o ;Emups [Pairwize and Orthogonal Contrasts] | 2 | | |

" 3 Groups [All Possible Pairwise Contrasts] MONTE CARLD OFTIODMS

" 3 Groups [Tukey & Scheffe Contrasts] Random SEED: # SAMPLES: 1|]l]|

" 4 Groups

GROUP 1
Pop tean Pop S50 M

fad

R estrictions
[ Integer Data 0

[ Minimum Score:

:
:

[~ Maximurn Score:
Diztribwtion:

* Momal  PosSke
" Uniform ¢ Meg Skew

Reliability: {1.0

GROUP 2
Pop Mean Pop S0 M

iy

[ Minimum 5
[~ Maximurn Score?

Diztributior:
« Mormal " PosSke
" Uniform ¢ Meg Skew

Reliability: (1.0

GROUP 3

Pop tean Pop SO M
0o 1.0 25
Restictions

[ Integer Data Only

I Minimum Score:
[ Maximunn Score:

Diiztribution:
{* Mommal  Pof Skew
" Uniform © Mefh Skew

Reliatity: [1.0]

[ Donot change seed auﬁwatically

NURf It blank, a seed wil
Hyautomatically be chosen.

I
E. Set the number of samples
to 100.

| Awvg Contrast # Rejections Proportion

Overall ANDVA F:

ALL PAIRWISE CONTRASTS

These results of interest for this

1v2 t-Test Contrast:

exercise will be in the yellow bhoxes f—

2¥3 t-Test Contrast: |

3v1 t-Test Contrast: |

At least 1 Significant Contrazt:

0. All sample sizes must be equal. |

ORTHOGOMAL COMTRASTS

1w[2+3)/2 t-Test Contrazt: |

2v3 t-Test Contrast: |

C. Al standard deviations must be equal. ll Contrast:

Both Orthogonal Contrazts Signif _:

[B. All population means must be equal. |

Press F9 to Run Analysis or click >

RUN
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2. What isthe null hypothesis for this exercise? Write your answer in words and in symbols (note:
We will be testing our hypothesis a o = .05).

3. A. What population mean did you choose for Group 1?

B. What population mean did you choose for Group 2?

C. What population mean did you choose for Group 3?

D. With regard to population, what information do you know about all three of your
groups?

E. Giventhisinformation, isthe null hypothesis true or false?

4. RUNNING MC4G

MCA4G alows us to simulate data. We have told MCA4G that we would like it to create data sets
based upon our population parameters. MC4G will create 100 samples of each group. After it
creates each set of samples (one for each group), MC4G will test the samples using the ANOVA
omnibus F test. MC4G will record the proportion of timesthat it r gjectsthe true null hypothesis.

This process is called Monte Carlo simulation (hence the name of the program: Monte Carlo
Analyses for up to 4 Groups). In the five exercises that follow, you will perform Monte Carlo
simulations and respond to several questions about the results. As you respond to the questions,
your focus will be on the ANOV A omnibus F test, which is highlighted on screen in yellow.

Note that the screen of newer versions of MCAG varies dightly from the figures in this workbook.
Y ou should have no trouble finding the proper information, though.

Recall that Type | error is not a measure of the overall probability of rejecting the null hypothesis
in an experiment. It is ameasure of the probability of rgecting the null hypothesis given that the
null hypothesisistrue. In our simulations, we have selected equal means for our populations;
therefore the null hypothesisis true.

Y ou will run 10 simulations of this exercise. What is the number of times that you expect MCAG to
rgject the null hypothesis? Defend your answer by referring to Type | error in your explanation.
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B. Run MCAG. To run MCA4G, you will click on the “RUN” button on the screen or hit the F9 key.
Y ou will run MC4G 10 times. Each time that you run MCAG, record the following
information:

Group 1 Mean | Group 2 Mean | Group 3 Mean | #of Reections | Proportion

C. What isyour nominal Type | error rate (also called alpha)? (Hint: what did we arbitrarily set
alphato at the beginning of the exercise?)

D. What isthe average number of times MCA4G regjected a true null hypothesis (made a Type
error)? To get a better estimate of the actual Type | error rate, we need to average the number
of rejections across the 10 Monte Carlo simulations.

E. What isthe average actual alphafor the ssmulations?

F. Isthisaverage actual Type | error rate what you expected? Why or why not?

G. Given thefact that you know the null hypothesisis true, how can you account for rejections of
the null hypothesis?
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ANOVA without Violating the Assumption of Homoscedasticity, Unbalanced Design

1. SETTING THE PARAMETERS FOR THE POPULATION. Set your screen to match the

conditions described below. Changes from Exercise A will be noted in bold print.

A. Number of Groups. Select “3 Groups (Pairwise and Orthogonal Contrasts)”

B. Mean: Because we are examining Type | error, the null hypothesis must be true. Therefore, you
may choose any value for the mean; however al means must be equal.

C. Standard Deviation: Recall that standard deviation is the square root of variance (vVo? = o). In
this second example, we will not violate the assumption of homoscedasticity. Therefore, you
may choose any value for the standard deviation; however all standard deviations must be

equal.

D. Sample Size: In thisexercise, we will be using an unbalanced design. Ther efor e, choose
one of the groups on your screen and double the sample size.

E. Number of Samples. To make calculations smple, keep the number of samplesto 100.

MC4G: Monte Carlo Analyses for up to 4 Groups

ok

File Analwziz  Effect Sizes  Oplions  Settings Help
HUMBER OF GROUPS FOR ANALYSIS

" 2 Groups [Pooled and Separate Yariance t-Tests])
" 3 Groups [Pairwize Contrasts vs_. Alpha-adjusted]
f*+ 3 Groups [Pairwize and Orthogonal Contrasts)
" 3 Groups [All Possible Pairwise Contrasts]
" 3 Groups [Tukey & Scheffe Contrasts]
" 4 Groups
GROUP 1 GROUP 3
Pop tean Pop S50 M Pop tean Pop SO M
0o 10 25 0o 1.0 |
R estrictions Restictions
[ Integer Data Only [ Integer Data Only
[ Minimum Score: I Minimum Score:
[~ Maximurn Score: [ Maximunn Score:
Diztribwtion: Diiztribution:
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" Uniform ¢ Meg Skew " Uniform ¢ Meg Skew

Reliability: {1.0 Reliability: {1.0

GROUP 2

STATISTICS

Group MEAN SD._ SE.  Group MEAN SD. _SE
1 | | 3 | | |

2 | | |

MONTE CARLO OPTIONS

Random SEED:

[ Donot change seed automatically
MUMBER OF REJECTIONS

# SAMPLES: (100

Run 1 Sample| Fun 10,000 |

Hypothesis Being Tested Awvg Contrast _# Rejections Proportion

Overall ANDVA F:

ALL PAIRWISE CONTRASTS

1v2 t-Test Contrast: |

2¥3 t-Test Contrast: |

3v1 t-Test Contrast: |

I least 1 Significant Contrast:

Pop Mean Pop SO N D. Sample Size: For Exercise B,

[IR1] 1.0 25 we will use an UNBALANCED RTHOGONAL CONTRASTS
R estrictiors design. Choose ONE of the g .
[~ Integer Data Only groups and DOUBLE the sample 1¥(2+3)/2 t-Test Contrast |

Size.

[ Minimum Score;

2v3 t-Test Contrast: |

[ Maximurn Score:
Diztributior:

« Momal © Pos Skew
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Reliability: (1.0

At least 1 Orthogonal Contrast:
Both Orthogonal Contrazts Signif _:

Press F9 to Run Analysis or click >

RUN




Violations of Homoscedasticity
Holly Raffle (2003) Page 6 of 13

2. What isthe null hypothesis for this exercise? Write your answer in words and in symbols (note: we
will be testing our hypothesis a o = .05).

3. RUNNING MCAG

A.

You will run 10 smulations of this exercise. What is the number of times that you expect
MCAG to rgect the null hypothesis? Do you think that an unbalanced design will influence
Type | error? Defend your answer.

Run MC4G. You will run MC4G 10 times. Each time that you run MCAG, record the following
information:

Group 1 Mean | Group 2 Mean | Group 3 Mean | #of Reections | Proportion

What is your nominal apha? (What did we arbitrarily set alphato at the beginning of the
exercise?)

. What is the average number of times MCA4G regjected a true null hypothesis (made a Type

error)?

What is the average actual alphafor the smulations?

Is this average error rate what you expected? Why or why not?

. What effect did having an unbaanced design have on alpha? Why do you think the effect

occurred?



Violations of Homoscedasticity
Holly Raffle (2003) Page 7 of 13

Exercise C:
ANOVA with a Violation of the Assumption of Homoscedasticity, Balanced Design

1. SETTING THE PARAMETERS FOR THE POPULATION. Set your screen to match the
conditions described below. Changes from Exercise B will be noted in bold print.

A. Number of Groups. Select “3 Groups (Pairwise and Orthogonal Contrasts)”

B. Mean: Because we are examining Type | error, the null hypothesis must be true. Therefore, you
may choose any value for the mean; however al means must be equal.

C. Standard Deviation: Recall that standard deviation isthe squareroot of variance (Vo? =
o). In thisthird example, we will violate the assumption of homoscedasticity. Therefore,
choose one group on your screen and multiply the standard deviation by 5. (If o = 2,
changeit too =10.)

D. Sample Size: In thisexercise, we will be using an balanced design. Therefore, return your
sample sizesto equal values.

E. Number of Samples. To make calculations smple, keep the number of samplesto 100.

MC4G: Monte Carlo Analyses for up to 4 Groups [Z]
%e &nalysis  Effect Sizes  Optiohs  Settings  Help
HUMBER OF GROUPS FOR ANALYSIS STATISTICS
Group MEAN SD. SE Group MEAN S0 SE
" 2 Groups [Pooled and Separate Yariance t-Tests]) 1 pl | | 3 B | | |
" 3 Groups [Pairwize Contrasts vs_. Alpha-adjusted]
f*+ 3 Groups [Pairwize and Orthogonal Contrasts) 2 | | |
" 3 Groups [All Possible Pairwise Contrasts] MONTE CARLD OFTIODMS
" 3 Groups [Tukey & Scheffe Contrasts] Fandom SEED: # SAMFLES: 100
{4 Groups [~ Do not change seed automatically Fun 1 Sample | Run 10000 |
F?HBIUP 1F' o N FI'SHIrI\IdUP.':;j o N NUMBER OF REJECTIONS
op Mean Pop op Mean Pop . . - i
IDD—ITPE— ’UU—’FIH— Hypothesis Being Tested Avg Contrast _# Rejections Proportion
Restrictions Restrict Dverall ANDVA F: | |
[ Integer Data Only [ IntegefDrata Only
[ Minimum Score: I Minirfim Score:
. ALL PAIRWISE CONTRASTS
[~ Maximurn Score: [~ Maxgnunn Score:
Diztribwtion: Distribuftion: U el (Bandlest | | |
* Momal  Pos Skew {« Mbrmal T Pos Skew 2¥3 t-Test Contrast: | | |
" Uniform ¢ Meg Skew " Ufniform ¢ Meg Skew 2v1 L-Test Contrast: | | |
fiieeiig)1.0 Elaalig) -0 At least 1 Significant Contrazt: | |
GROUP 2 - -
Pop Mean Pop S0 W 0. Sample Size: For Exercise C,
oo 10 o5 we will use a BALANCED design. NTRASTS
Pestrictions All sample sizes must be equal. N | | |
[~ Integer Data Onjy
~ Mini S ore: 2¥3 t-Test Contrast: | | |
MMM = COre: C. Standard Deviation: For teeett ] (T TS
I Maxirnumn Scare: Exercise C, we will violate the |95 | Srnegonali-ontrast | |
Distribution: assumption of equal variances.  [Prthogonal Contrasts Signif.: | |
& Momal © Pos Skew Choose ONE group and
 Uniform € Meg Skew MULTIFLY the standard Press F9 to Run Analysis or click -»
. deviation by 4. RUN
Reliability: (1.0
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2. What isthe null hypothesis for this exercise? Write your answer in words and in symbols (note: we
will be testing our hypothesis a o = .05).

3. RUNNING MCAG

A.

You will run 10 smulations of this exercise. What is the number of times that you expect
MCAG to rgject the null hypothesis? Do you think that violating the assumption of
homoscedasticity, will influence Type | error? Defend your answer.

Run MC4G. You will run MC4G 10 times. Each time that you run MCAG, record the following
information:

Group 1 Mean | Group 2 Mean | Group 3 Mean | #of Reections | Proportion

What is your nominal apha? (What did we arbitrarily set alphato at the beginning of the
exercise?)

. What is the average number of times MCA4G regjected atrue null hypothesis (made a Type

error)?

What is the average actual alphafor the simulations?

Is this average error rate what you expected? Why or why not?

. What effect did violating the assumption of homoscedasticity have on alpha? Why do you think

the effect occurred?
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Exercise D:
ANOVA with a Violation of the Assumption of Homoscedasticity, Unbalanced Design #1

1. SETTING THE PARAMETERS FOR THE POPULATION. Set your screen to match the
conditions described below. Changes from Exercise C will be noted in bold print.

A. Number of Groups. Select “3 Groups (Pairwise and Orthogonal Contrasts)”

B. Mean: Because we are examining Type | error, the null hypothesis must be true. Therefore, you
may choose any value for the mean; however al means must be equal.

C. Standard Deviation: Recall that standard deviation is the square root of variance (vVo? = o). In
this third example, we will violate the assumption of homoscedasticity. Therefore, choose one
group on your screen and multiply the standard deviation by 5. (If o = 2, changeit to ¢ = 10.)

D. Sample Size: In thisexercise, we will be using an unbalanced design in which we pair the
larger standard deviation value with a smaller sample size. Therefore, you will doublethe
sample size of ONE of the groupswith the smaller standard deviation. An example of this
isin the screen capture below.

E. Number of Samples. To make calculations ssimple, keep the number of samplesto 100.

ok

MC4G: Monte Carlo Analyses for up to 4 Groups
File Analwziz  Effect Sizes  Oplions  Settings Help

HUMBER OF GROUPS FOR ANALYSIS STATISTICS
G MEAN SD. SE G MEAN S0 SE
" 2 Groups [Pooled and Separate Yariance t-Tests]) r1uup| | | rgup | | |
" 3 Groups [Pairwize Contrasts vs_. Alpha-adjusted] %
f*+ 3 Groups [Pairwize and Orthogonal Contrasts) 2 | | |

3 Groups [All Possible Pairwise Contrasts] MONTE CARLD OFTIODMS

1Y

# SAMPLES: (100

3 Groups [Tukey & Scheffe Contrasts] Fandom SEED: Ii
{" 4 Groups [ Do not change seed automatically Run 1 Sample | Fun 10,000 |
GROUP 1 GROUP 3 NUMEBER OF REJECTIONS
%%ﬁﬁ?&’% %’;EDAI% Hypothesis Being Tested Avg Contrast _# Rejections Proportion
Restrictions Restrictions Dverall ANDVA F: | |
[ Integer Data Only [ Integer Data

[ Minimum Score:
[~ Maximurn Score:

Diztribwtion:
* Momal  Pos Skew
" Uniform ¢ Meg Skew

I Minimum Score:
) ALL PAIRWISE COMTRASTS
[ Maximunn Score:

Distribution: 1v2 t-Test Contrast: |

{* Momal 1 Pos Skew 2¥3 t-Test Contrast: |

£" Uniform " Neg Skew 3v1 t-Test Contrast: |

jiesoiig] .0 paeeiig).0 At least 1 Significant Contrast:
GROUFP 2
Pop Mean Pop S0 M m — = -
0.0 1o |50 ote that (roup 4 has the AL CONTRASTS
Restict largest standard deviation.
(EHUIE e s I-Test Contrast: |

[~ Integer Data Onjy
[ Minimum Score;
[ Maximurn Score:

Diztributior:
« Momal © Pos Skew
" Uniform ¢ Meg Skew

Reliability: (1.0

2v3 t-Test Contrast: |

D. Sample Size: For Exercise D, we

|
|
rthogonal Contrast: |
|

will use an UNBALANCED design.
You will DOUBLE the sample size of
OME of the groups with a smaller
standard deviation.

nal Contrasts Signif_:

Press F9 to Run Analysis or click >

RUN
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2. What isthe null hypothesis for this exercise? Write your answer in words and in symbols (note: we
will be testing our hypothesis a o = .05).

3. RUNNING MCAG

A. You will run 10 simulations of this exercise. What is the number of times that you expect
MCAG to rgject the null hypothesis? Do you think that violating the assumption of
homoscedasticity in this unbalanced design will influence Type | error? Defend your answer.

B. Run MCAG. You will run MCA4G 10 times. Each time that you run MCA4G, record the following
information:
Group 1 Mean | Group 2 Mean | Group 3 Mean | #of Reections | Proportion

C. What isyour nominal alpha?

D. What is the average number of times MCA4G regjected atrue null hypothesis (made a Type
error)?

E. What isthe average actual alphafor the ssmulations?

F. Isthisaverage error rate what you expected? Why or why not?

G. Compare your actual aphato the actual alphafrom Exercise C. What does this information tell
you about the robustness of ANOVA to the Violation of Homoscedasticity?
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ANOVA with a Violation of the Assumption of Homoscedasticity, Unbalanced Design #2

1. SETTING THE PARAMETERS FOR THE POPULATION. Set your screen to match the
conditions described below. Changes from Exercise D will be noted in bold print.

A. Number of Groups. Select “3 Groups (Pairwise and Orthogonal Contrasts)”

B. Mean: Because we are examining Type | error, the null hypothesis must be true. Therefore, you
may choose any value for the mean; however al means must be equal.

C. Standard Deviation: Recall that standard deviation is the square root of variance (vVo? = o). In

this third example, we will violate the assumption of homoscedasticity. Therefore, choose one
group on your screen and multiply the standard deviation by 5. (If o = 2, changeit to ¢ = 10.)

D. Sample Size: In thisexercise, we will be using an unbalanced design in which we pair the
larger standard deviation value with the larger sample size. Therefore, you will assign the
larger standard deviation to the group with the larger sample size. An example of thisis

in the screen capture below.

E. Number of Samples. To make calculations smple, keep the number of samplesto 100.

.'.%4(3: Monte Carlo Analyses for up to 4 Groups

ok

File Analwziz  Effect Sizes  Oplions  Settings Help

HUMBER OF GROUPS FOR ANALYSIS STATISTICS
(" 2 Groups [Pooled and Separate Yariance b-Tests) Group MEAN 50, SE. Group MEAN S.0. S.E.
" 3 Groups [Pairwize Contrasts vs_. Alpha-adjusted] L | | | 3 | | |
f*+ 3 Groups [Pairwize and Orthogonal Contrasts) 2 | | |
" 3 Groups [All Possible Pairwise Contrasts] MONTE CARLD OFTIODMS
" 3 Groups [Tukey & Scheffe Contrasts] Random SEED: # SAMPLES: 1100
L e [ Do not change seed automatically Fun 1 Sample | Fun 10,000 |
GROUP 1 GROUP 3 MUMBER OF REJECTIONS
%I%wlﬁé’% %’EEDAIEDL Hypothesis Being Tested Avg Contrast _# Rejections Proportion
Restrictions Restrict Dverall ANDVA F: | |
[ Integer Data Only [ IntegefData Only
[ Minimum Score: I Minirfim Score:
. ALL PAIRWISE COMTRASTS
[~ Maximurn Score: [~ Maxfnunn Score:
Diztribwtion: Diztribgftion: U el (Bandlest |

* Momal  Pos Skew
" Uniform ¢ Meg Skew

Reliability: {1.0

GROUP 2

Pop Mean Pop S0 M
0o .
Fiestrictions

[~ Integer Data Onjy

f‘
E‘

[ Minimum Score;
[ Maximurn Score:

Diztributior:
« Momal © Pos Skew
" Uniform ¢ Meg Skew

Reliability: (1.0

{« Momal © Pos Skew
" Pniform © Meg Skew

eliability: 11.0

D. Sample Size: Faor Exercise
E, we will use an
UMBALAMNCED design. You
will DOUBLE the sample size
of the group with the
LARGEST standard deviation.

2¥3 t-Test Contrast: |
3v1 t-Test Contrast: |

I least 1 Significant Contrast:

THOGOMAL COMTRASTS
1w[2+3)/2 t-Test Contrazt: |
2v3 t-Test Contrast: |

ast 1 Orthogonal Contrast: |
Both Orthogonal Contrazts Signif _: |

Press F9 to Run Analysis or click >

RUN
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2. What isthe null hypothesis for this exercise? Write your answer in words and in symbols (note: we
will be testing our hypothesis a o = .05).

3. RUNNING MCAG

A. You will run 10 simulations of this exercise. What is the number of times that you expect
MCAG to rgject the null hypothesis? Do you think that violating the assumption of
homoscedasticity in this unbalanced design will influence Type | error? Defend your answer.

B. Run MCAG. You will run MCA4G 10 times. Each time that you run MCA4G, record the following
information:
Group 1 Mean | Group 2 Mean | Group 3 Mean | #of Reections | Proportion

C. What isyour nominal alpha?

D. What is the average number of times MCA4G regjected a true null hypothesis (made a Type
error)?

E. What isthe average actual aphafor the smulations?

F. Isthisaverage what you expected? Why or why not?

G. Compare your actual aphato the actual alphafrom Exercise C. What does this information tell
you about the robustness of ANOVA to the Violation of Homoscedasticity?
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Summary and Review (try to answer questions 1-3 without looking them up)

1. What isthe definition of Typel error?

2. How isTypel error symbolized?

3. Using an example, explain Type | error in your own words.

4. Compare the actua apharate to the nomina aphain the preceding exercises. In words, describe
the consequences of having the actua apha change from the nominal aphain such a manner?
Would you describe this change as a positive (a qualitative “good”) change or a negative (a
qualitative “bad”) change?

5. Compare your actual Type | error rates from Exercises D and E to those from earlier exercises. The
genera ruleisthat ANOVA isrobust to violations of homoscedasticity. After completing exercises
C, D, and E, do you agree with this statement? Why or why not? (In what situations does this
genera rule hold true?)
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