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tools designed for learning statistics 
are typically: 

• graphical 
• interactive 
• intuitive 
• supportive of EDA 

but: 
• don’t support reproducibility 
• can’t handle real data

tools designed for doing statistics 
are typically: 

• powerful 
• flexible 
• reproducible 
• supportive of extensions 

but: 
• hard to get started using 
• not interactive

https://creativecommons.org/licenses/by/4.0/
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We need a bridge between the two

flickr: takchabo

Could be software, or curriculum. Today, I'm 
focused on software. 
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On the State of Computing in Statistics Education: Tools for Learning 
and for Doing. pre-print http://bit.ly/StateOfComputingPreprint
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Accessibility

• free or inexpensive 

• available on many platforms 

• compatible with accessibility features
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Easy entry for novice users

• the "complexity of tool problem" from Biehler 

• known as "low threshold" in CS ed literature
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SUMMARY STATISTICS: 
one continuous variable:  
mosaic::mean(~mpg, data=mtcars) 

one categorical variable: 
mosaic::tally(~cyl, data=mtcars) 

two categorical variables: 
mosaic::tally(cyl~am, data=mtcars) 

one continuous, one categorical:  
mosaic::mean(mpg~cyl, data=mtcars) 

SUMMARY STATISTICS:  
 

one continuous variable:  
mean(mtcars$mpg) 

one categorical variable: 
table(mtcars$cyl) 

two categorical variables: 
table(mtcars$cyl, mtcars$am) 

one continuous, one categorical: 
mean(mtcars$mpg[mtcars$cyl==4]) 
mean(mtcars$mpg[mtcars$cyl==6]) 
mean(mtcars$mpg[mtcars$cyl==8]) 

PLOTTING: 
one continuous variable: 

hist(mtcars$disp) 

boxplot(mtcars$disp) 

one categorical variable: 
barplot(table(mtcars$cyl)) 

two continuous variables: 
plot(mtcars$disp, mtcars$mpg) 

two categorical variables: 
mosaicplot(table(mtcars$am, mtcars$cyl)) 

one continuous, one categorical: 
histogram(mtcars$disp[mtcars$cyl==4]) 
histogram(mtcars$disp[mtcars$cyl==6]) 
histogram(mtcars$disp[mtcars$cyl==8]) 

boxplot(mtcars$disp[mtcars$cyl==4]) 
boxplot(mtcars$disp[mtcars$cyl==6]) 
boxplot(mtcars$disp[mtcars$cyl==8])

WRANGLING: 
subsetting: 

mtcars[mtcars$mpg>30, ] 

making a new variable: 
mtcars$efficient[mtcars$mpg>30] <- TRUE 
mtcars$efficient[mtcars$mpg<30] <- FALSE

R Syntax Comparison : : CHEAT SHEET 

RStudio® is a trademark of RStudio, Inc.  •  CC BY Amelia McNamara •  amcnamara@smith.edu  •  @AmeliaMN • science.smith.edu/~amcnamara/  •  Updated: 2018-01

Dollar sign syntax

tilde

Formula syntax Tidyverse syntax
goal(data$x, data$y) goal(y~x|z, data=data, group=w) data %>% goal(x)

PLOTTING: 
one continuous variable: 
lattice::histogram(~disp, data=mtcars) 

lattice::bwplot(~disp, data=mtcars) 

one categorical variable: 
mosaic::bargraph(~cyl, data=mtcars) 

two continuous variables: 
lattice::xyplot(mpg~disp, data=mtcars) 

two categorical variables: 
mosaic::bargraph(~am, data=mtcars, group=cyl) 

one continuous, one categorical: 
lattice::histogram(~disp|cyl, data=mtcars) 

lattice::bwplot(cyl~disp, data=mtcars) 

SUMMARY STATISTICS: 
one continuous variable: 

mtcars %>% dplyr::summarize(mean(mpg)) 

one categorical variable: 
mtcars %>% dplyr::group_by(cyl) %>% 
dplyr::summarize(n()) 

two categorical variables: 
mtcars %>% dplyr::group_by(cyl, am) %>% 
dplyr::summarize(n()) 

one continuous, one categorical: 
mtcars %>%  dplyr::group_by(cyl) %>% 

dplyr::summarize(mean(mpg))

PLOTTING: 
one continuous variable: 
ggplot2::qplot(x=mpg, data=mtcars, geom = "histogram") 

ggplot2::qplot(y=disp, x=1, data=mtcars, geom="boxplot") 

one categorical variable: 
ggplot2::qplot(x=cyl, data=mtcars, geom="bar") 

two continuous variables: 
ggplot2::qplot(x=disp, y=mpg, data=mtcars, geom="point") 

two categorical variables: 
ggplot2::qplot(x=factor(cyl), data=mtcars, geom="bar") + 

facet_grid(.~am) 

one continuous, one categorical: 
ggplot2::qplot(x=disp, data=mtcars, geom = "histogram") + 

facet_grid(.~cyl) 

ggplot2::qplot(y=disp, x=factor(cyl), data=mtcars,  
geom="boxplot") 

WRANGLING: 
subsetting: 
mtcars %>% dplyr::filter(mpg>30) 

making a new variable: 
mtcars <- mtcars %>%  
dplyr::mutate(efficient = if_else(mpg>30,  TRUE, FALSE))

the pipe

The variety of R syntaxes give 
you many ways to “say” the 
same thing

read across the cheatsheet to see how different 
syntaxes approach the same problem

http://bit.ly/R-syntax-sheet
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Scratch

https://scratch.mit.edu/
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Data as a first-order object

• focused on data 

• data should be easily human-readable

• support many data types 

• difficult to overwrite original data 

• affordances for reproducibility

https://creativecommons.org/licenses/by/4.0/
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Support for a Cycle of Exploratory and 
Confirmatory Analysis  

• Users need "scratch paper"
From R for Data Science by Hadley Wickham and Garrett Grolemund.  

From Census at School
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Flexible plot creation

• rather than a few out-of-the-box 
visualizations, a user should be 
able to build their own 

• perhaps following the Grammar 
of Graphics (like ggplot2 and 
d3.js)
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Support for randomization 
and the bootstrap
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Permuted 
graphics
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Jessica Hullman, Paul Resnick, Eytan Adar. (2015). Hypothetical Outcome 
Plots Outperform Error Bars and Violin Plots for Inferences About Reliability 
of Variable Ordering. PLOS ONE, 10(11).  
http://bit.ly/HypotheticalOutcomePlots
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Making the Call 
Chris Wild, Nick Horton, Maxine Pfannkuch, Matt Regan
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Interactivity at every level

• when developing an analysis 

• when adjusting parameters in an analysis 

• when a reader is exploring the analysis
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prim9

http://bit.ly/prim_9
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Fathom
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Tableau
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R/ggplot2
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manipulate
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Spatial aggregation toy

http://bit.ly/spatial_agg
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Auditable 
products

Interactive: The Top Programming Languages 2017. Nick Diakopoulos and Stephen Cass  
https://spectrum.ieee.org/static/interactive-the-top-programming-languages-2017
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Auditable 
products

Interactive: The Top Programming Languages 2017. Nick Diakopoulos and Stephen Cass  
https://spectrum.ieee.org/static/interactive-the-top-programming-languages-2017
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Inherent documentation

• The system or language should show or tell you 
what each function does 

• Computing tools should “highlight the logic of what 
is going on” (Kaplan).
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Support for narrative, 
publishing and reproducibility

• narrative and code should be intermixed 

• publishing should support others reading your work 

• reproducibility should be encouraged
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RMarkdown

http://rmarkdown.rstudio.com/
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RMarkdown

http://rmarkdown.rstudio.com/

• A variant of Markdown  

• Works best with R, but can be used with many 
languages, including Python, SQL and C++.  

• Both for working and publishing 

• Many output formats  

• Documents: HTML, PDF, Word 

• Presentations: ioslides, slidy, reveal.js

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
http://rmarkdown.rstudio.com/
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Jupyter notebooks

http://jupyter.org/
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Jupyter notebooks

http://jupyter.org/

• Grew out of iPython notebook 

• Works best with Python, but can be used with many 
languages, including R, Julia, and Scala 

• More for working than publishing

https://creativecommons.org/licenses/by/4.0/
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Our path to better science in less 
time using open data science tools
Julia Stewart Lowndes, et al. Nature Ecology & Evolution v1. 
https://www.nature.com/articles/s41559-017-0160
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We thought we were doing reproducible science. For the first global 
OHI assessment in 2012 we employed an approach to reproducibility 
that is standard to our field, which focused on scientific methods, not 
data science methods. Data from nearly one hundred sources were 
prepared manually—that is, without coding, typically in Microsoft Excel—
which included organizing, transforming, rescaling, gap-filling and 
formatting data. Processing decisions were documented primarily within 
the Excel files themselves, e-mails, and Microsoft Word documents. We 
programmatically coded models and meticulously documented their 
development, (resulting in the 130-page supplemental materials), and 
upon publication we also made the model inputs (that is, prepared data 
and metadata) freely available to download. This level of documentation 
and transparency is beyond the norm for environmental science.

Our path to better science in less time using open data science tools. Julia Stewart Lowndes, 
et al. Nature Ecology & Evolution v1. https://www.nature.com/articles/s41559-017-0160
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Sharing methods and instruction. We use R Markdown not only for data 
preparation but also for broader communication. R Markdown files can be 
generated into a wide variety of formatted outputs, including PDFs, slides, 
Microsoft Word documents, HTML files, books or full websites. 

Our path to better science in less time using open data science tools. Julia Stewart Lowndes, 
et al. Nature Ecology & Evolution v1. https://www.nature.com/articles/s41559-017-0160

We decided to base our work in R and RStudio for coding and visualization, 
Git for version control, GitHub for collaboration, and a combination of GitHub 
and RStudio for organization, documentation, project management, online 
publishing, distribution and communication. 

Data preparation: coding and documenting. Our first priority was to code 
all data preparation, create a standard format for final data layers, and do so 
using a single programmatic language, R. Code enables us to reproduce 
the full process of data preparation, from data download to final model 
inputs, and a single language makes it more practical for our team to learn 
and contribute collaboratively. We code in R and use RStudio to power our 
workflow because it has a user-friendly interface and built-in tools useful for 
coders of all skill levels, and, importantly, it can be configured with Git to 
directly sync with GitHub online (See ‘Collaboration’). 
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Flexibility to build extensions

• Biehler called this the "closed microworld problem" 

• CS ed literature calls this a "high ceiling"

https://creativecommons.org/licenses/by/4.0/
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Extensible—      

https://cran.r-project.org/

https://cran.r-project.org/


CC-BY Amelia McNamara 2018

https://gpblocks.org/about/

Extensible—  GP    
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Looking into the future
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Trifacta

https://www.trifacta.com/
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Exploratory 

https://exploratory.io/
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Ken Nakagaki, Luke Vink, Jared Counts, Daniel Windham, 
Daniel Leithinger, Sean Folder and Hiroshi Ishii. Materiable: 
Rendering Dynamic Material Properties in Response to 
Direct Physical Touch with Shape Changing Interfaces CHI 
2016. http://tangible.media.mit.edu/project/materiable/
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