BIOS 750:  Monte Carlo and Bootstrapping Methods
Fall 2000

1.  Leftovers

2.  Some examples

3. Planning and programming a study:  general methods 

Friday:

Go find an example of a Monte Carlo simulation in the stats or epidemiology literature.

Try this one (via simulation):

A miner is trapped in a mine with 3 doors.  Door 1 lead to a tunnel which takes him to safety after 2 hours of travel.   The second door leads to a tunnel that returns him to the mine after 3 hours of travel.  The 3rd door leads to a tunnel which returns him to the mine after 5 hours.  Assuming that the miner is at all times equally likely to choose any one of the doors, what is the expected length of time until the miner reaches safety?

ANOVA is robust to the violation of its assumptions.

How can you show this with a Monte Carlo study?

Performance of the Alexander and Govern A Statistic under Heteroscedasticity Imposed On Normal Data or Induced by Skew:  An Empirical Study

Comparability of the James' second-order approximation test and the Alexander and Govern A statistic for non-normal heteroscedastic data.  Journal of Statistical Computation and Simulation, 60:207-222.

Regression coefficient analysis for correlated binomial outcomes.  Journal of Applied Statistics, 27:217-234.

Analysis of correlated binomial outcomes when data are incomplete:  robustness and power of generalized estimating equations (GEE) and regression coefficients analysis (RCA) methods.  

Problems of unequal sample size and unequal variance-covariance matrices with multivariate analysis of variance:  A solution following Alexander's procedure.  Psychological Methods. 

Effects of amount and type of missing data on parameter estimation in univariate regression models. 

Methods for imputing missing pairs of data. 

A Variance Ratio Statistic for Assessing the Missing Data Mechanism:  An Empirical Study.

Extending the TDT:  Using GEE to test for linkage

A Comparison of the Power of Different Cut Point Methods to Test for a Dose-Response Relationship:  A Simulation Study.

Comparison of Regression Models for a Continuous Dependent Variable with Zero Values:  An Application to Medical Care Costs. 

Bootstrapping Improvement Testing in Latent Class Models.

Planning and Programming a Monte Carlo Study

Assuming you have the idea of what you want to study:

1.  Decide on the details--number of groups, sample sizes, etc.

2.  Specify what you need to compute, and get the computational formulae

3.  Plan your program

4.  Write the program

5.  Test the program

6.  Refine the program to make it more efficient

7.  Run the simulations

Example:  

Alexander & Govern (1994) reported a new statistic to use as an alternative to ANOVA when data were heteroscedastic.  Suppose we want to compare the power of ANOVA and the A statistic when the assumptions of ANOVA are in fact met.

1.  Details.  Assume 2, 4, and 8 groups.  n's can be equal (10,30,50) or unequal.   Assumptions are met so we can start with N(0,1) data.

To assess power, the null hypothesis cannot be true, so we need to add in differences between groups.

Magnitude?  Spacing of the means?

2.  Computations.

For ANOVA:  

Need SS(total)




df(total) 


  SS(Groups)



df(b)

MS(B)

  SS(within)



df(w)

MS(w)

  F





Critical value of F



  significance of F

SS(total) = (x2 - ((x)2/N


over all x

SS(betw) = ((Ti2/ni)- ((x)2/N 
Ti2= ((xi)2 for each group

SS(within) = SS(tot) - SS(betw)

Simplify by letting ((x)2/N = CF, 

so SS(w) = (x2 - ((Ti2/ni)

Accumulate (x, (x2 and  ((Ti2/ni) separately and compute SS later.

The MS and F are straightforward.

Use a built-in function to get critical value of F

Identify a variable to increase if F > CV(F) for each iteration.

For A:

SEi 
compute SE2 then take the square root.  Already accumulating (x and (x2 so this should be easy.

wi
once you have SEi for each group, take the inverse and accumulate it.  Then find the weight for each group.

Y+  
Already accumulating (x, so easy to find mean for each group, and then multiply by wi and accumulate

ti
You have all the components

zi
Build the normalizing function into the program as a special function 

A
Easy enough

Assess A against the critical value of (2, using a function to determine the critical value

Computation hints:

Break formulas down to their simplest elements.  

Plan where to use accumulator variables.

Use loops where possible.

Use comment and label statements  liberally so you can reconstruct your logic later.

Test the computations at each step, not just at the end.  Use write or print statements and simple data to be sure you're getting what you think you're getting from the program.

You can include special user-defined subroutines and functions to do repetitive tasks rather than repeat the commands each time.

Borrow algorithms and subroutines from other programs and other people when you can.  Don't reinvent the wheel every time.

Some sources:

Behavior Research Methods, Instruments, & Computers
Journal of Statistical Computation and Simulation

    
www.interstat.stat.vt.edu

Computer Methods and Programs in Biomedicine

ACM Transactions--Mathematical Software  


www.acm.org

lots of others; just start looking

3.  Plan the program

Initialization:  

specify dimensions for arrays

identify and zero out global accumulator variables

set variables that don't change during the run

for our example:  

need arrays anything that takes on different values for different groups:

 
(x, (x2, n, SE2, SE, 1/SE, w, z, t, mean, df

Define and set to 0 the counters for significance 

Set number of groups, n per group, df, critical values, effect size

For each iteration:

identify and zero appropriate variables

For each group:

zero appropriate variables

generate data 

do computations

Compute statistic

Assess statistic

Update counter

In example:

Zero out SS accumulators, correction factor, alex, 1/SE, common mean,

   Group:

Zero out (x, (x2
Generate data--standard normal + effect size

       
Accumulate (x, (x2, ss(total)

Accumulate mean, ss(b),  SE2, SE, 1/SE

    Next group

Compute statistics over groups: common mean, SS

Compute statistics for each group:  z, t

Compute A and F and assess for significance

Next iteration

Summary stats over iteration

probability for A and F

4.  Write the program

5.  Test the program

Hints:  

test each step along the way using simple data.

test a complete iteration

test for a couple of iterations

check things as many ways as you can

6.  Refine the program to make it more efficient

Remove or comment out extraneous statements

Remove or comment out unnecessary computations

Don't use two loops to do what you can accomplish with one.

7.  Run the simulations

