Using Monte Carlo Methods to Teach Statistics

Gordon Brooks
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Khaleel Al-Harbi

Ohio University

The purpose of this workshop is to present a variety of methods by which
instructors of introductory statistics can use Monte Carlo methods in their
courses. In particular, a computer program written in Delphi Pascal for Windows
95/98 will be provided on disk to participants. The program performs Monte Carlo
simulations for several introductory statistical procedures, including correlations,
t-tests, and several nonparametric alternatives. Several examples of lesson plans
to use with the software will be provided.

MC26G Program available at:
http://oak.cats.ohiou.edu/~brooksg/mc2g.htm

Workshop presented at the annual meeting of the Mid-Western Educational
Research Association, October 25, 2001, Chicago, IL.
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MC26G Program: Opening Screen

W MC2G: Monte Cario Analyses for 1 or 2 Groups
File

Analysis  Help

—GROUF 1

Paopulation ean: Il:llj
Fopulation Standard D eviation: I‘I 0
Group 1 Size [under 1000]; |'|5

—GROUP 2

Population tMean: II:I_I:I
Population Standard Deviation; |1 .0
Group 2 Size [under 1000]; |1 [

—RELIABILITY

...af Dependent Measzure; I‘I i
Average Actual Feliabiliby: I

—HYPOTHESIS TESTIMNG
" Ore-tailed Test

ALPHA=|.05
% Two-tailed Test

—STATISTICAL TEST

% |ndependent t [pooled variance]
" Independent t [unequal varance]
" Mannwhithey-wilcoxon

" Paired-Samples t-Test

" wilcoxon Signed-Fank Test

" Single Sample t-Test

" Bivariate Carmrelation

" Spearman Rank Comelation

7~ .
Carrelation between measzures: IEI.EI

Average Actual Carrelation: I

—MONTE CARLO
v Automatically Set PseudoR andom
Seeds for Succeszive Analyzes

—SAMPLING DISTRIBUTIONS ——

Actual Mean of Group 1 Means:l—
Actual Mean of Group 2 Means:l—
Actual SE of Group 1 Means:l—
Actual SE of Group 2 Means:l—

(" Mumber of means ta Keep:ll] \

[Save up to 10000 means to dizk.
'ou musgt uze File | Save Means. ] J
—RESULTS
Dezied HA eiec*inns

[ [ I

Propaortion

Inteqer Seed far Data
Generation

I'I 204
I'I 0oaa

Hurnber of Monte Carlo
Samples to Generate

[ Integer Diata Only

[T Minirum Possible|S core: I

[ Magimurn Possible Score: I

|

|
X Fress Fh tl:P Run Analysis .

l /

l

To save the means for exporting
Into stats program (e.g., SPSS) so
that you can examine the actual
sampling distribution of the means

Thiswill be set to 0.5 automatically
for Paired-Samples tests (but can be

changed)

Y ou should pick your own starting
Random number — For the sake of
Better results, you' [l want to pick
As many Monte Carlo samples as
Y ou can stand to wait for

Push F5 or choose Run from
The Analysis Menu to start
analysis
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MC26G Program: After Robustness Analysis

W MC2G: Monte Carlo Analyses for 1 or 2 Groups
File  Analysis Help

—GROUP [ —GROUP 2 1|— MPLING DISTRIEUTIONS
Population Mean: [0 [} Population Mear: [0.0 Qctual Mean of Group 1 Means:[-0.002
fFopulation Standard D eviation: I‘I A Population\Standand Deviation: |1 0 Y| dctual Mean of Group 2 MEEHS:ID.EIEI'I

Group 1 Size [under 1000): (5 Group & Size [under 1000): 15 Actual SE of Group 1 Means:|0.2671
: [15 | [15 02811 |
Actual SE of Group 2 Means:ID_EEEIE
—RELIABILITY —HYPOTHESIS TESTIMNG

...af Dependent Measzure; I‘I_IJ O Orne-tailed Test Murnber of means ko KEEDZID

. ALPHA=|.05 Save up to 10000 meansz to dizk
Average Actual Reliability: |'| .0oa @ Twortailed Test \ Efu:uu muspt use File | Save Means.]

—STATISTICAL TEST———— MONTE CARLD ESULTS: Robustness Analysis
% |ndependent k [pooled variance] ¥ futomaticall Set PseudoRandam  [W|Pesired  # Rejections Fropartian
" Independent(t [unequal varance] Seeds for Supcessive Analyses 0.05 IEEIEI IEI.EIEEIEI
" Mannwhithey-wilcoxon - =
" Paired-5amples t-Test Integer SEEF' or Data |1E|:|4 [GDIE%%E??E Z;;;ilﬂﬁ; i’@fﬂi'éﬂﬂ?i it
" wilcoxon Signed-Fank Test 0 ZEE iz within 10% of nominal alpha
0 Single Sample t-T est Mumber of Maonte Carla I— [between 0.0450 and 0.0550].

9 Eivgriateg rrelation Samples to Generate 10000
" Speaman Fank Comelation [T Integer Data Onl

Correlation bepween measures: ID.D [T Minimum Possible| S care: I
_ . . Fress F5 to Run Analysis
Avwerage Actual Comrelation; IUDM [T Magirurn Possible\Score: I \ FINISHED 10000 Iterations

| \ N\ 4
v ¥ N— ® 7
Y ou can change the standard Note that the means are equal
deviations to violate homogeneity for arobustness analysis

of variance assumptions — and
sample sizes to see their effects

The results of the robustness

analysis and some sampling
Distribution information
In particular note:

* Desired takes the given nominal ALPHA value (from “Hypothesis Testing” box)

» # Regections counts how many times the Null Hypothesis of equal means was falsely rejected
» Proportion provides the actual ALPHA rate (proportion of false rejections)

* Big Aquabox gives some genera guidelines as to acceptability of actua ALPHA rate

» Sampling distribution information can be used for help with that topic

» Stop Processing button turns into how-many-iter ations-finished indicator

* You can save these results using Save Results under the File Menu (or Ctrl-S)
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MC26G Program: After Power Analysis

AN MC2G: Monte Carlo Analyses for 1 or 2 Grotups
Eile  Analysis  Help

—GROUP o SAMPLING DISTRIBUTIONS
Population Mear; II:I_Ed o Population kear; IEI_I:II:I ctusl Mean of Group 1 Means: [0.501
——
FPopulation Standard D ewiation: |1 o0 Fopulation Standard Deviation: |1 .on Actual Mean of Group 2 MEHHS:I-D.DDS

Group 1 Size [under 1000]; |54 Group 2 Size [under 1000]; ||34 Actual SE of Group 1 Means:lﬂ_‘IEE‘I

—RELIABILITY [ —HYPDTHESIS TESTING i e Means.ll]_‘lzdd
...of Dependent Measure: [1.0 " Oretaled Test I_ Number of means to KEEI:':I':I
Average Actual Beliability: [1.00 & Two-tailed Test ALPHA=]09 otz g e UDLL izl s e el

3 LE =5 'ou mugt uze File | Save Meanz.]

—STATISTICAL TEST —MONTE CARLD BESULTS: Power Analysizs —

& |ndependent t [pocled wariance] [ Automatically Set PzeudoR andom Dezsired # Rejections Froportion
" Independent t [unequal warance] Seeds for Successive Analyses I ° IE'I 32 IEI.E'I 32
0 Manniwhitney wilcoxon

[ [0.0%] of these rejectionz were Tyepe

(" Paired-Samples t-Test Integer Seed for Data 757 Il Errors. Adjusted POWER is 08132
" wilzokon Signed-Fank Tes Gieneration

€ Single Sample t-Test Mumber of Maonte Carlo I_.I 0000

' Bivariate Comelation e 25 D BETEE 2

" Speaman Fank Correlatitn [T Integer Data Only
Carrelation between measures: IU.U [T Minimurn Possible Score: I

Awerane Actual Comelation: IU.DUD [T Magirmurn Possible Scane: I

/ ]

y

Notice that for a Power Analysis, the means
must be different — you can also set standard
deviations and sample sizes different to see
their effects on Power

ress F5 to Run Analysis
EIHISHEDSnNEerations

Results of the Power Analysis do not include
A Desired value since none was set —we
aretrying to find actual Power (Proportion),
which is the Number of CORRECT
rejections (shown as # Rejections) of the
False Null Hypothesis that means are equal

Y ou can save these results using Save
Results under the File Menu (Ctrl-S)
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MC26G Program: After Single Iteration Analysis

AN MC2G: Monte Cario Analyses for 1 or 2 Groups
Eile  Analysis  Help

—GROUP 1

Population Mear: IIZI.Ed

Fopulation Standard Deviation: I‘I .00

Group 1 Size [under 1000]; ||34

—RELIABILITY

...of Dependent keasure: I‘I .0

—GROUFP 2 fSAMPLING DISTRIBUTIONS ——
Population Mean: IEI_EIEI Actual Mean of Group 1: ID 37
Population Standard D eviatian: I‘I Rulij Actual Mean of Group 2: II:I_EI2E|
Group 2 Size [under 1000); ||34 Actual Std Dev of Group 1: |0.8820
Actual 5td Dey of Group 2 IEI_EIEEE
—HYPOTHESIS TESTING ——— K -
Mumber af means ta Keep:ll]

' Ore-tailed Test

i Mann i hitneywilcoxon
" Paired-Samples t-Test

" wilcoxon Signed-Fank Test
" Single Sample t-Test

" Biwariate Corelation

™ Spearman Fank Correlation

Carrelation between measures: IEI.EI

Actual Corelation: I-EI.EIS‘I

Actusl Reliskiity: [1000 || & Iwo-aied Test Pemte oI |Save Moans]
—STATISTICAL TEST —MONTE CARLO —RESULTS: 2 tiils
% |ndependent t [pooled wariance] [ Autamnatically Set PreudaR andom Dezired  # Rejections Froportion
" Independert t [unequal variance] Seeds for Successive Analyses I IEI I IEI.I:IEIEIEI

|nteqer Seed for Data I_
[ enerabion 1604

MHurmber of Monte Carlo

Samples to Generate

[ Integer Data Only

Bun Analysis

[ Minimumn Possible Scone: I
Masium Possible & ) Fress F5 i
[ Magimurn Poszible Score: I J FINISH

[N keration

]

Y ou must set the Number of Monte Carlo samplesto 1
in order to run this analysis— you can save the data from this
analysis under the File Menu for comparison in a stat

package (e.g., SPSS)

Integer data can be particular useful for

nonparametric analyses — thoughtful use of Notice that the output here changed
the minimum and maximum scores can from sampling distribution to
change the distribution from true normal single sample information (and the

Resultsfile also changesif you
Save it (Save Results under the File
Menu)
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MC26G Program: After Sample Size Analysis

W MC2G: Monte Carfo Analyses for 1 or 2 Groups

Eile  Analysis  Help

—GROUP 1

Population Mean: ID.EU
Fopulation Standard D eviation: I‘I oo

—GROUP 2

Population Mean: IEI.EIEI
Fopulation Standard Deviation: I‘I .00

——
Group 1 Size [under 1000]; IEE

Group 2 Size [under 10007 iE;E
r

—RELIABILITY

...of Dependent keasure:; |1 A
Average Actual Feliability: I'I.EIEIEI /

%HYPDTHESlS TESTIHNG
' One-tailed Test

ALPHA=.05
& Twotailed Test

—SAMPLING DISTRIBUTIONS ——
Actual Mean of Group 1 Means:lm
Actual Mean of Group 2 Means:lw
Actual SE of Group 1 Means:lm

Actual SE aof Group 2 Means:ll]_‘l 251
MHumber of means ko Keep:ll]

[Save up to 10000 means ta disk.
'ou must uze File | Save Means. ]

—STATISTICAL TEST
% |ndependent t [pooled wariance]
" Independent t [unequal variance
i Mannwhitneywilcokon

" Paired-Samples t-Test

i Wilcoxon Signed-Fank Test

™ Single Sample t-Test

" Bivariate Comelation

™ Spearman Fank Correlation

e

Average Actual Corelatioh: I-U.DDE

Correlation bebween meazures.

~MONTE CARLO
[T Automatically Set PeeudoR andarm
Seed: for Succeszive Analyses

|1 204
|1 0oaa

Inteqer Seed far D ata
Generation

Murber of Monte Carlo
Samples to Generate

[T Integer Data Only
[T Minimum Possible Scaore;

[T Mazimum Possible Score:

—
—

SULTS: Sample Size AnalysN—

ezred  H Rejections Propaortian
0.80 8062 |0.8082
“With the given parameters, the zample
zizez: Groupl =65 and Group2=E5
were found to achieve the desired
power. ---- Mote that the zample sizes
found here may not be exact [mare

Mante Carla zamples will provide better
approsimations].

5

/

Fress Fb to Run Analysi
EIHISH EDSUUiuNEratons

After the sample size analysis, the final sample
size will be the Monte Carlo approximation for the
sample size required to reach the Desired Power.

It is not required that sample sizes begin equal.

N (] -

The Desired value here represents the power
requested. The # Rejections and Proportion
Indicate the actual number of correct
rejections and the actual Power (asin a
power analysis) for the final sample size.

If sample sizes are not equal at the
beginning, they will not be equal at the end
and information about the harmonic mean
will appear here.
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MC26G Program: Menus and Special Buttons

Populat

tandard [

Size [unc

dAyerage Actual Beliability: -

i Mann-Whitney-Wilu:D:-:Dr;
e Reset setsall values to the values on the " Paired-Samoles t-Test Integer Seed for

opening screen.
* You can save the results of each analysis.

The resultsfile (see below) will indicate The Analysis Menu alows you to run a
whether you ran power or robustness single analysiswith Run (F5). You can also
analysis. Y ou can save the data set from automatically set the effect sizeto Cohen’s
asingle sample analysis or the last data set conventional values. Finally, you can get
from amany sample Monte Carlo analysis. The sample size required for the parameters
Finally, you can save up to 10,000 means Y ou provide on the main screen (not exact
from your Monte Carlo analysis to import Sample sizes, but Monte Carlo

into a stat package for analysis of an actua approximations)

sampling distribution of the mean.

Running lteration #10000

The STOP processing button allows you to stop the analysisif you
realize you' ve entered something incorrectly. Y ou will still get
results for the Monte Carlo samples analyzed to that point.
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MC26G Output: Results File from Robustness Analysis

By default, the Results File name is MC2G_out_####. TXT, where #### is the random number seed
used to start the analysis, but you can change that name in the Save Dial og box.

MONTE CARLO ANALYSES FOR 1 OR 2 GROUPS

kkhkkhkkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkikikhkikikikhk*k

Pool ed Vari ance | ndependent t- Test

Random Nunber Cenerator Seed: 1804
# of Simul ated Sanpl es Taken: 10000

G VEN POPULATI ON VALUES:

Reliability of Dependent Measure: 1. 000
Correl ati on between Dep Measures: 0. 000
Group 1 Popul ation Mean: 0. 000
G oup 1 Population Std Dev: 1. 000
Goup 1 Sanple Size: 15
Group 2 Popul ati on Mean: 0. 000
G oup 2 Popul ation Std Dev: 1. 000
Group 2 Sanple Size: 15
ACTUAL SAMPLE VALUES:
Avg Reliability of Dep Measure: 1. 000
Avg Correl ati on between Measur es: 0. 004
Mean of 10000 Group 1 Means: -0. 002
Mean of 10000 Group 2 Means: 0. 001
Std Dev of 10000 Group 1 Means: 0.261 (Std Error)
Std Dev of 10000 G oup 2 Means: 0.259 (Std Error)

MONTE CARLO ROBUSTNESS ANALYSI S

Because the Popul ati on Means are EQUAL, the Null Hypothesis is TRUE
Therefore, any rejections of the Null Hypothesis are Type |I errors

2-tailed tests were perfornmed at Noni nal ALPHA= 0. 050

# of Rejections Actual ALPHA

khkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkrkhkhkkhkkxx

Monte Carl o Analyses for 1 or 2 Goups (Rel ease 26)
Copyright ~2001, by Gordon P. Brooks
Cont act: brooksg@hi ou. edu
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MC26G Output: Results File from Power Analysis

By default, the Results File name is MC2G_out_####. TXT, where #### is the random number seed
used to start the analysis, but you can change that name in the Save Dial og box.

MONTE CARLO ANALYSES FOR 1 OR 2 GROUPS

kkhkkhkkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkikikhkikikikhk*k

Pool ed Vari ance | ndependent t- Test

Random Nunber Cenerator Seed: 1804
# of Simul ated Sanpl es Taken: 10000

G VEN POPULATI ON VALUES:

Reliability of Dependent Measure: 1. 000
Correl ati on between Dep Measures: 0. 000
Group 1 Popul ation Mean: 0. 800
G oup 1 Population Std Dev: 1. 000
Goup 1 Sanple Size: 26
Group 2 Popul ati on Mean: 0. 000
G oup 2 Popul ation Std Dev: 1. 000
Group 2 Sanple Size: 26
ACTUAL SAMPLE VALUES:
Avg Reliability of Dep Measure: 1. 000
Avg Correl ati on between Measur es: 0. 001
Mean of 10000 Group 1 Means: 0. 800
Mean of 10000 Group 2 Means: -0. 002
Std Dev of 10000 Group 1 Means: 0.196 (Std Error)
Std Dev of 10000 G oup 2 Means: 0.196 (Std Error)

MONTE CARLO POWNER ANALYSI S

Because the Popul ati on Means are NOT equal, the Null Hypothesis is FALSE
Therefore, NON-rejections of the Null Hypothesis are Type Il errors

2-tailed tests were perfornmed at Noni nal ALPHA= 0. 050

# of Rejections POAER # of Type IlIl Errors Adjusted PONER

khkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkrkhkhkkhkkxx

Monte Carl o Analyses for 1 or 2 Goups (Rel ease 26)
Copyright ~2001, by Gordon P. Brooks
Cont act: brooksg@hi ou. edu
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MC26: Output: Results File from Single Iteration Analysis

MONTE CARLO ANALYSES FOR 1 OR 2 GROUPS

kkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhk*k

Pool ed Vari ance | ndependent t- Test

Random Nunber CGenerator Seed: 1804
# of Sinulated Sanpl es Taken: 1

G VEN POPULATI ON VALUES:

Reliability of Dependent Measure: 1. 000

Correl ati on between Dep Measures: 0. 000
G oup 1 Popul ati on Mean: 0. 800
Group 1 Popul ation Std Dev: 1. 000
Goup 1 Sanple Size: 26
G oup 2 Popul ati on Mean: 0. 000
Group 2 Popul ation Std Dev: 1. 000
G oup 2 Sanple Size: 26

ACTUAL SAMPLE VALUES:

Sample Reliability: 1. 000

Correl ati on between Measures: 0.111

Mean of G oup 1: 0. 975

Mean of G oup 2: -0.623

Std Dev of G oup 1: 0. 688

Std Dev of Goup 2: 0.915
t-Statistic: 7.121
Probability: 0. 000

MONTE CARLO POMNER ANALYSI S

Because the Popul ati on Means are NOT equal, the Null Hypothesis is FALSE
Therefore, NON-rejections of the Null Hypothesis are Type Il errors

2-tailed tests were perfornmed at Noni nal ALPHA= 0. 050

# of Rejections POAER # of Type IlIl Errors Adjusted PONER

khkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkrkkhkkxx

Monte Carl o Analyses for 1 or 2 Goups (Rel ease 26)
Copyright ~2001, by Gordon P. Brooks
Cont act: brooksg@hi ou. edu
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MC26G Output: Data File

Thisfileis designed to be imported into a stat package (e.g., SPSS) or a spreadsheet asa COMMA -
DELIMITED text file. By default, the file name is MC2G_data ######. TXT, where ###### is the random
number seed used to start the analysis, but you can change that name in the Save Dialog box.

15,1, 0. 388
16, 2, 0. 116
17,2,-1.501
18, 2, 1. 459
19, 2,0. 621
20,2,0.701
21,2,0.314
22,2,1.545
23,2,-0.123
24,2,0.300
25, 2,-0. 587
26,2,-0.518
27,2,1.832
28,2,-1.852
29,2,0.707
30, 2, 2. 001
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MC26G Output: Means File

Thisfileis designed to be imported into a stat package (e.g., SPSS) or a spreadsheet asa COMMA-
DELIMITED text file. By default, the file name is MC2G_means ####.TXT, where #### is the
random number seed used to start the analysis, but you can change that name in the Save Dialog box.

anmpl e, neanl, nean2
. 97531, -0. 62317
. 77120, -0.07323
. 87702, -0. 01259
. 76145, - 0. 10722
. 44663, 0. 22430
. 56669, 0. 09110
. 39889, - 0. 09269
. 89839, 0. 02554
. 74919, 0. 21604
,0.82889, -0. 13091

POONOURWNRO
©coooo0o00003

o-
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