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Undergraduate Probability and Undergraduate Probability and 
Mathematical Statistics at Iowa StateMathematical Statistics at Iowa State
Introduction to Probability (CalculusIntroduction to Probability (Calculus--Based)Based)
–– ProbabilityProbability
–– Discrete Random VariablesDiscrete Random Variables
–– Continuous Random VariablesContinuous Random Variables
–– Multivariate DistributionsMultivariate Distributions

Introductory to Mathematical Statistics (CalculusIntroductory to Mathematical Statistics (Calculus--Based)Based)
–– Transformations of Random Variables and Sampling DistributionsTransformations of Random Variables and Sampling Distributions
–– Mathematical Statistics and InferenceMathematical Statistics and Inference
–– From Theory to Practice and BackFrom Theory to Practice and Back

Textbook: Textbook: Mathematical Statistics with ApplicationsMathematical Statistics with Applications by by 
WackerlyWackerly, Mendenhall & , Mendenhall & ScheafferScheaffer



Why Use R in Why Use R in ProbProb/Math Stat?/Math Stat?

Curriculum: Exposure to RCurriculum: Exposure to R
Content: Model nature of statisticsContent: Model nature of statistics
Pedagogy: Ground theoretical concepts in Pedagogy: Ground theoretical concepts in 
understanding obtained from earlier understanding obtained from earlier 
applied statistics courses.applied statistics courses.



Gamma DistributionGamma Distribution

Distribution CharacteristicsDistribution Characteristics
Distribution of Sample MeanDistribution of Sample Mean
Estimation of ParametersEstimation of Parameters



Distribution CharacteristicsDistribution Characteristics

Study influence of parameters on Study influence of parameters on 
–– ShapeShape
–– MeanMean
–– VarianceVariance
–– PercentilesPercentiles

Study throughStudy through
–– Observed distributions through simulationObserved distributions through simulation
–– Theoretical distributionsTheoretical distributions



Distribution CharacteristicsDistribution Characteristics

Simulation Study for ShapeSimulation Study for Shape
–– Parameters (alpha = 2, 10, 25, 50; beta = 2)Parameters (alpha = 2, 10, 25, 50; beta = 2)
–– 10,000 observations10,000 observations





Distribution of Sample MeanDistribution of Sample Mean

What is the distribution of the sample What is the distribution of the sample 
mean from a random sample of gamma mean from a random sample of gamma 
random variables?random variables?
–– Distribution of sum of gamma random Distribution of sum of gamma random 

variables.variables.
Introduce concept through simulation.Introduce concept through simulation.
Characteristics of observed simulation.Characteristics of observed simulation.
Intuition about distribution.Intuition about distribution.



Distribution of Sum of Gamma Distribution of Sum of Gamma R.V.sR.V.s

Simulation ExampleSimulation Example
–– Parameters (alpha = 2, beta = 2)Parameters (alpha = 2, beta = 2)
–– Sample Size (n = 25)Sample Size (n = 25)





Distribution of Sum of Gamma Distribution of Sum of Gamma R.V.sR.V.s

Observed DistributionObserved Distribution
–– Very Slightly Skewed RightVery Slightly Skewed Right
–– Observed mean = 99.77758Observed mean = 99.77758
–– Observed variance = 196.796Observed variance = 196.796

Intuition about DistributionIntuition about Distribution
–– Gamma distribution?Gamma distribution?
–– Parameters? alpha = 50, beta = 2Parameters? alpha = 50, beta = 2



Distribution of Sample MeanDistribution of Sample Mean

Distribution of sample meanDistribution of sample mean
–– Connection to distribution of sum.Connection to distribution of sum.
–– Introduce concept through simulation.Introduce concept through simulation.
–– Characteristics of observed distribution.Characteristics of observed distribution.
–– Intuition about distribution.Intuition about distribution.
–– Introduce Central Limit Theorem.Introduce Central Limit Theorem.



Distribution of Sample MeanDistribution of Sample Mean

Simulation ExampleSimulation Example
–– Parameters (alpha = 2, beta = 2)Parameters (alpha = 2, beta = 2)
–– Sample Size (n = 25)Sample Size (n = 25)







Distribution of Sample MeanDistribution of Sample Mean

Observed DistributionObserved Distribution
–– Slightly Skewed Right DistributionSlightly Skewed Right Distribution
–– Observed Mean = 3.991103Observed Mean = 3.991103
–– Observed Variance = 0.3148736Observed Variance = 0.3148736

Intuition about distributionIntuition about distribution
–– Gamma Distribution? Gamma Distribution? 
–– Parameters? alpha = 50 beta = 2/25Parameters? alpha = 50 beta = 2/25
–– Normal Distribution?Normal Distribution?



Parameter EstimationParameter Estimation

Two MethodsTwo Methods
–– Method of MomentsMethod of Moments
–– Maximum LikelihoodMaximum Likelihood

Properties of EstimatorsProperties of Estimators
–– Distribution (Shape, Center, Spread)Distribution (Shape, Center, Spread)
–– BiasBias
–– Mean Square Error (MSE)Mean Square Error (MSE)
–– Mean Absolute Deviation (MAD)Mean Absolute Deviation (MAD)



Method of MomentsMethod of Moments

Introduce concept through previous work.Introduce concept through previous work.
Theoretically derive formulas for MOM Theoretically derive formulas for MOM 
estimators.estimators.
Study properties of MOM estimators Study properties of MOM estimators 
through simulation.through simulation.
–– Characteristics of observed distributions.Characteristics of observed distributions.
–– Introduce concepts of observed bias, MSE, Introduce concepts of observed bias, MSE, 

MAD. MAD. 



Method of MomentsMethod of Moments

Simulation ExampleSimulation Example
–– Parameter Values (alpha = 2, beta = 2)Parameter Values (alpha = 2, beta = 2)
–– Sample Size (n = 5, 15, 25, 50, 75, 100)Sample Size (n = 5, 15, 25, 50, 75, 100)







0.13259971.9718580.12281602.086805100

0.17918251.9531070.17243642.12744675

0.26015721.9385720.26954962.17847950

0.4742491.8773180.63008432.36599825

0.71760611.8032461.350532.61837115

1.2783461.44344161.876575.0724795

VarianceMeanVarianceMeanSample Size

βα



Maximum LikelihoodMaximum Likelihood

Introduce concept through simulated data.Introduce concept through simulated data.
Theoretically derive the ML Estimators.Theoretically derive the ML Estimators.
–– Closed form solution not possible.Closed form solution not possible.
–– Maximization scheme needed (ex. NewtonMaximization scheme needed (ex. Newton’’s Method.)s Method.)

Study properties of ML Estimators through Study properties of ML Estimators through 
simulation.simulation.
–– Characteristics of observed distribution.Characteristics of observed distribution.
–– Introduce concepts of observed bias, MSE, MAD.Introduce concepts of observed bias, MSE, MAD.



Maximum LikelihoodMaximum Likelihood

Simulation ExampleSimulation Example
–– Parameter Values (alpha = 2, beta = 2)Parameter Values (alpha = 2, beta = 2)
–– Sample Size (n = 5, 15, 25, 50, 75, 100)Sample Size (n = 5, 15, 25, 50, 75, 100)







0.086700471.9797340.075799582.056419100

0.11689631.9688910.10551212.07982175

0.17469271.9591080.17021632.11240650

0.33717121.9247080.42685842.23895825

0.55492841.8647781.0401222.44801815

1.4474921.6006562.630014.7290845

VarianceMeanVarianceMeanSample Size

βα



Comparison of MOM and ML Comparison of MOM and ML 
EstimatorsEstimators

Simulation ExampleSimulation Example
–– Parameter Values (alpha = 2, beta = 2)Parameter Values (alpha = 2, beta = 2)
–– Sample Sizes (n = 10, 50, 100)Sample Sizes (n = 10, 50, 100)

Characteristics of observed distribution.Characteristics of observed distribution.
–– Mean (bias), Mean (bias), VarVar, MSE, MAD., MSE, MAD.



0.07847820.1291372.0609182.097151n = 100

0.16373000.2570892.1058722.172688n = 50

2.7950953.2665182.7861773.029221n = 10

MLEMOMMLEMOMSample Sample 
SizeSize

Obs. Var.Obs. Mean

α



0.2218590.2890180.0821810.138562n = 100

0.31909550.4091880.1749230.286885n = 50

1.0872391.2956063.412894.32549n = 10

MLEMOMMLEMOMSample Sample 
SizeSize

Obs. MADObs. MSE

α



0.0895190.1375221.9745951.962924n = 100

0.1731770.2604781.9658121.94285n = 50

0.7869610.8938351.7919851.695161n = 10

MLEMOMMLEMOMSample Sample 
SizeSize

Obs. Var.Obs. Mean

β



0.23935290.2954510.0901550.138883n = 100

0.3336620.4024260.1743280.263718n = 50

0.7393290.8018100.8301520.986672n = 10

MLEMOMMLEMOMSample Sample 
SizeSize

Obs. MADObs. MSE

β







Comparison of MOM and ML Comparison of MOM and ML 
EstimatorsEstimators

Emphasizing observed nature of Emphasizing observed nature of 
comparison.comparison.
Emphasizing limitations due toEmphasizing limitations due to
–– Sample sizeSample size
–– Parameter ValuesParameter Values

Emphasizing asymptotic properties of Emphasizing asymptotic properties of 
MOM and ML Estimators.MOM and ML Estimators.



Possible Implementation IssuesPossible Implementation Issues

TextbookTextbook
–– No textbook available matching this approach, No textbook available matching this approach, 

yet!yet!
Using RUsing R
–– Need lots of supplements for students.Need lots of supplements for students.
Student expectations from courseStudent expectations from course
–– Ease them in early and often Ease them in early and often 
Departmental SupportDepartmental Support
–– Not a problem at Iowa State.Not a problem at Iowa State.



Student Reactions to RStudent Reactions to R
Course evaluations Course evaluations –– Fall 2005.Fall 2005.
Did you like using R?  Was it helpful to you? Did you like using R?  Was it helpful to you? 
Did you find it easy or difficult to use?  Did you find it easy or difficult to use?  
–– 34 responses 34 responses ––32 positive; 1 indifferent; 1 32 positive; 1 indifferent; 1 

negative comments to using R.negative comments to using R.



Selected Student CommentsSelected Student Comments
““I liked using R.  I found it easy with the examples given I liked using R.  I found it easy with the examples given 
in class and the handouts clearly explaining how to use in class and the handouts clearly explaining how to use 
it.it.””
““I liked using R, it was helpful in doing the difficult I liked using R, it was helpful in doing the difficult 
distribution problems.  I also liked it because we could distribution problems.  I also liked it because we could 
construct histograms to construct histograms to visual(izevisual(ize) the distributions.) the distributions.””
““I liked using R, easy to use, somewhat difficult to know I liked using R, easy to use, somewhat difficult to know 
what to type in.  Continue using it in 341 since itwhat to type in.  Continue using it in 341 since it’’s used s used 
in the real world.in the real world.””
““I thought R was very helpful and easy to useI thought R was very helpful and easy to use…… In most In most 
cases, the professorcases, the professor’’s instructions made the program s instructions made the program 
very understandable.very understandable.””
““It was nice to use R because it seems really versatile It was nice to use R because it seems really versatile 
and I like the easy to understand interface.and I like the easy to understand interface.””
““I think R was very helpful, because we didnI think R was very helpful, because we didn’’t have to t have to 
calculate everything by hand.  It was easy to use too, calculate everything by hand.  It was easy to use too, 
because we got a good explanation about it.because we got a good explanation about it.””


