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Randomization 
and Resampling
LECTURE 15

Objectives

 At the end of this unit you should be able to: 
 Define terms. 

 Describe in general terms randomization and resampling techniques. 

 Distinguish between different types of randomization techniques

 Explain the assumptions of the randomization techniques. 

 Discuss the advantages and limitations of the randomization and 
resampling techniques. 
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Overview

 There three dominant families of statistical tests. 
 Hypothesis testing techniques

 Conventional probalistic/frequentist – LM

 Bayesian 
 Difficult to do without a computer

 Maximum likelihood methods
 Difficult to do without a computer

 Randomization (resampling)
 Difficult to do without a computer, relatively simple to do with a computer

Sampling

 Sampling with replacement
 Sampling without replacement
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Randomization and Resampling

 Randomization
 A general type of analysis 

 A specific type of application of the general randomization techniques. 

 Involves taking the original sample data and either scrambling the order 
of the data or the associations of the sample data. 

General Approach

 Sample 
 Generate a test statistic or metric that measures the relationship to be 

tested. 
 Apply the metric to the sample data to generate an observed value. 
 Randomize the sample data in way consistent with the null hypothesis. 

 How the data is randomized is a major (but not only) difference between 
the techniques. 

 Recompute the test statistic. 
 Repeat steps 4 and 5 (iterations) until you obtain a null distribution of the 

test statistic or have calculated all possible permutations/combinations.
 Compare the observed value of the metric to the “null distribution” to 

test the hypothesis.   
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 Demo: Nested subsets

Classification of Techniques

 Estimate the precision of sample statistics
 Jackknifing

 Bootstrapping

 Significance tests
 Permutation tests (exact tests)

 Randomization tests

 Validation of models
 Bootstrapping

 Cross-validation
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Randomization and Resampling 
Techniques

 Randomization
 Monte Carlo
 Bootstrap 
 Jackknife

Randomization

 Also referred to as permutation tests.
 Randomization

 Utilizes a shuffling of the data (sampling with replacement)
 The relative frequency of the values in the original dataset are maintained in 

each randomization. 

 The randomization occurs within a single variable usually a classification 
variable. 
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Monte Carlo

 Also, and confusingly, used as the name of a group of tests and as a 
specific type of test. 

 Randomization 
 The sample data is used to generate a distribution of events ~ 

probabilities.  

 Those probabilities are then used to generate new null datasets – the 
test metric is applied to these null datasets and the observed metric is 
compared to the distribution generated from the null datasets. 

 Urn tests

 Demo: Calculation of pi -- simulation

Jackknife

 Developed by Tukey and others – formally described in 1958
 Used to detect and correct bias in estimators

 Resampling 
 One datum at a  time is removed from the dataset and the metric 

calculated in its absence. 
 Derivation of name. 

 Repeated until each datum has been left out. 

 Few uses – Bootstrapping has replaced in may of the its past 
applications.
 Not discussed in many new texts dealing with similar subjects. 
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Jackknife

 One research area where it is still used and probably will remain 
popular is systematics. 
 A cladistic analysis will produce a cladogram.  How confident are we in 

that cladogram?  Are we equally confident on all of the nodes?  

 We can assess our confidence in each node by producing multiple 
cladograms by jackknifing and counting (expressed as percentages) 
how many times that particular node is present ~ higher percentages 
indicate higher confidence. 

Bootstrap

 Formally described by Efron in 1979. 
 Also often referred to as resampling

 Popular technique
 Resampling -- new “samples” must be smaller than the original 

sample
 New samples are taken from the original sample data and a metric is 

applied to the new samples to generate the resampled distribution of 
the metric. 
 You do not know the distribution of the population. Why not build one for 

yourself? 

 Sampling with replacement (discuss) 
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Bootstrap

 Uses
 Traditional 

 Construct standard errors or confidence intervals
 Need not be symmetrical confidence intervals

 Standard hypothesis testing (similar to t-test) without regard to population’s 
distribution

 Non-traditional 
 Problem specific applications 

Permutation Tests

 General approach
 Demo: R script 
 Demo: Resampling add-in 
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Classification of Techniques

 Estimate the precision of sample statistics
 Jackknifing

 Bootstrapping

 Significance tests
 Permutation tests (exact tests)

 Randomization tests

 Validation of models
 Bootstrapping

 Cross-validation

Assumptions

 Data is a good sample ~ it approximates the parent population. 
 No assumption regarding the distribution of the population. 
 No assumption regarding the distribution of the population 

parameters (e.g. equal variances). 
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Non-parametric Tests

 Randomization and resampling techniques are similar to non-
parametric. 
 However, they are as powerful as the parametric techniques.

 Traditional non-parametric techniques have low power. 
 Sacrifice power for robustness. 

 Easy assumptions of non-parametric techniques. 

 Work with the data you have. 

A PLANNED Aside: Traditional Non-
parametric Tests

 Advantages of Non-parametric Tests
 Fewer and easier assumptions

 No assumption of normality for the parent populations.

 No assumption of equal variances for the parent populations. 

 Use more types of data easy calculations
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A PLANNED Aside: Traditional Non-
parametric Tests

 Disadvantages of Non-parametric Tests
 LOW POWER

 Lot’s of type II errors

A PLANNED Aside: Traditional Non-
parametric Tests

 When should nonparametric tests be used? 
 Parametric tests should be used whenever possible. 

 Unless the assumptions of the parametric tests are seriously violated. 

 Maximize power

 When the assumptions of the appropriate parametric test are violated.

 When you have nominal or ordinal data.
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Advantages

 Can be used with non-normal data 
 Can be used to test specific aspects of the data – user create 

statistics 
 You really need to understand what you are testing and have an 

effective measure of it. 

 If assumptions of conventional methods are met, then 
randomization techniques give same/similar answers

Limitations

 They are not a panacea. 
 Do not work if improperly done. 

 Issues with metrics

 Issues with aspect randomized.

 Does not solve problems with poor data
 Data needs to represent the population

 Does not solve problems with  research design. 

 Maybe difficult to generalize the results to the population.  

23

24



01‐Mar‐20

13

Limitations

 You really need to understand the pattern in the data you want to 
test. 
 Clear image of how your null hypothesis would appear. 

 You need to be fairly creative in the development of the metric and 
its testing
 Canned programs are available but they still take more sophistication 

than traditional statistics. 
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