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Goal: Spell out the benefits and methods of resampling

What is resampling?

What are the major types?

What can resampling be used for?

How does resampling work?

Worked examples



Solve Every Statistics Problem 
with One Weird Trick [1]

Resampling and Visualization

Monte Carlo

Confidence Intervals

Significance Testing

Error Detection

And Beyond



Resample Definition: 

“Creation of new samples based on one observed sample.”

-Wikipedia [2]

“Series of techniques used in statistics to gather more information 
about a sample. This can include retaking a sample or estimating 
its accuracy.”

-Indeed [3]



Randomization BootstrapMonte Carlo
K-fold 

validation

Jackknife

Permutation
Normal 

Resampling

Cross-
Validation

[4-7]



Null Hypothesis significance testing (permutation)

Accuracy, confidence intervals (bootstrap)

Sampling distribution of test statistic (bootstrap)

Validating a predictive model (jackknife, Monte Carlo, etc.)



Mostly done by computers

R, SAS, Python, etc.

Need dataset and objective
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Dataset
Magic the Gather Playing card data [17]

> head(magic)

Name Colors Set Code Mana Cost Power Toughness Types

Ancestor’s Chosen W 10 7 4 4 Creature

Angel of Mercy W 10 5 3 3 Creature

Angelic Blessing W 10 3 NA NA Sorcery

Angelic Wall W 10 2 0 4 Creature

Aven Cloudchaser W 10 4 2 2 Creature

Benalish Knight W 10 3 2 2 Creature

… … … … … … …







Permutation Test
Is average power different 
between Green and White 
creatures?





Is average toughness 
different between Green 
and Black creatures?

Permutation Test





Visualization

Permutation Test





What is the bootstrap 
confidence in mean cost 
for Instants?

Bootstrapping





How confident can we be 
in a correlation between 
Mana cost and Creature 
power?

Bootstrapping





How accurate is using 
power and toughness to 
predict Mana cost for 
creatures, using K-fold 
validation?

K-fold validation





How accurate is using 
power and toughness to 
predict Mana cost for 
creatures, using 
jackknife validation?

K-fold validation





Visualization (jackknife)

K-fold validation





Presentation
[1] https://www.youtube.com/watch?v=BhY-un6JURA

[2] https://en.wikipedia.org/wiki/Resampling_(statistics)

[3] https://www.indeed.com/career-advice/career-development/what-is-resampling

[4] http://wise.cgu.edu/wp-content/uploads/2015/04/Introduction-to-Resampling-Techniques-110901.pdf

[5] https://www.datasciencecentral.com/resampling-methods-comparison/

[6] https://strata.uga.edu/8370/lecturenotes/resampling.html#:~:text=There%20are%20four%20main%20types,intervals%20on%20a%20parameter%20e
stimate

[7] https://machinelearningmastery.com/k-fold-cross-validation/

[8] https://thumbs.dreamstime.com/z/permutation-system-example-vector-illustration-diagram-permutation-system-example-vector-illustration-
diagram-arranging-parts-173141191.jpg

[9] https://towardsdatascience.com/an-introduction-to-the-bootstrap-method-58bcb51b4d60



Presentation
[10] https://blogs.sas.com/content/iml/files/2018/12/bootstrapSummary.png

[11] http://www.statisticshowto.com/wp-content/uploads/2016/10/bootstrap-sample.png

[12] https://machinelearningmastery.com/k-fold-cross-validation/

[13] https://d1zx6djv3kb1v7.cloudfront.net/wp-content/media/2020/04/K-Fold-Cross-Validation-2-i2tutorials.png

[14] https://i.ytimg.com/vi/eKc9GHliSr4/maxresdefault.jpg

[15] https://en.wikipedia.org/wiki/Monte_Carlo_method

[16] https://i.gr-assets.com/images/S/compressed.photo.goodreads.com/books/1369156944i/17605831._UY630_SR1200,630_.jpg

[17] https://mtgjson.com/getting-started/



R code
• https://rcompanion.org/handbook/K_01.html

• https://www.statology.org/bootstrap-standard-error-in-r/

• https://machinelearningmastery.com/k-fold-cross-validation/

• https://www.statology.org/k-fold-cross-validation-in-r/

• https://search.r-project.org/CRAN/refmans/pls/html/jack.test.html
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