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The focus of my research is to 
make it easier for people to do 
data analysis and understand the 
results of data analysis. 
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“For a long time I have thought 
I was a statistician […] 
I have come to feel that my 
central interest is in data 
analysis.”
- John Tukey, 

The Future of Data Analysis
1962
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In particular
High school teachers/students College students
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Open 

tools

curriculum 
(and, tools)

we can push the 
boundary with  

tools 
and/or  

curriculum

http://shiny.rstudio.com/
https://codap.concord.org/
http://www.mobilizingcs.org/introduction-to-data-science/curriculum
http://mosaic-web.org/
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“We will be remiss in our duty to our students if 
we do not see that they learn to use the 
computer more easily, flexibly, and thoroughly 
than we ever have; we will be remiss in our 
duties to ourselves if we do not try to improve 
and broaden our own uses.”

- John Tukey,
The Technical Tools of Statistics
talking about the class of 1970



McNamara, Amelia. “Key Attributes of a Modern Statistical Computing 
Tool.” Preprint, http://bit.ly/ModernStatComputing.

• Accessibility  
• Easy entry for novice users 
• Data as a first-order persistent object 
• Support for a cycle of exploratory and 

confirmatory analysis  
• Flexible plot creation 
• Support for randomization throughout 
• Interactivity at every level 
• Inherent visual documentation 
• Simple support for narrative, publishing, and 

reproducibility  
• Flexibility to build extensions 

a modern 
statistical 
computing 

tool

http://bit.ly/ModernStatComputing


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



Easy entry— TinkerPlots



Extensible—      



Extensible—      



Extensible—      



Interactivity— Fathom



Interactivity— Fathom



R/ggplot2



R/ggplot2



Tableau



Tableau



http://tinlizzie.org/histograms/

http://tinlizzie.org/histograms/


http://tinlizzie.org/histograms/

http://tinlizzie.org/histograms/


Konold, C. et al. “Data seen through different 
lenses.” Educational Studies in Mathematics, 2014. 



Spatial aggregation toy

http://bit.ly/spatial_agg

http://bit.ly/spatial_agg


Spatial aggregation toy

http://bit.ly/spatial_agg

http://bit.ly/spatial_agg


Interactivity 
in published 

work

http://bit.ly/IEEE_languagerank

http://bit.ly/IEEE_languagerank


Interactivity 
in published 

work

http://bit.ly/IEEE_languagerank

http://bit.ly/IEEE_languagerank


http://concord.org/projects/codap

http://concord.org/projects/codap


Curriculum



www.mobilizingcs.org/

http://www.mobilizingcs.org/
http://www.mobilizingcs.org/


www.mobilizingcs.org/

• Year-long course 

• Validates Algebra II requirement 

• “Data science” 

• Taught in R within RStudio server 

• Participatory sensing 

• Content includes: 

• Exploratory data analysis 

• Randomization, simulation, 
bootstrapping 

• Simple linear regression, multiple 
regression 

• Decision trees, clustering, k-
means

http://www.mobilizingcs.org/


400-page pdf

16-page pdf
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R Syntax



Formula-based syntax 
• lattice graphics 

• mosaic package for statistics

• mobilizr additional functions 

library(devtools) 
install_github("mobilizingcs/mobilizr") 
library(mobilizr) 
load_labs() 

Want to check out the labs?



http://stemforall2016.videohall.com/presentations/790

http://stemforall2016.videohall.com/presentations/790
http://stemforall2016.videohall.com/presentations/790


Data science at Smith

flickr: leslee

https://www.flickr.com/photos/leslee/22275399308/in/photolist-dj2qt5-zWpf9L-Ae1jxg-N1xSN-N1x9G


Introductory Statistics with 
Randomization and 
Simulation.  
David M Diez,  Christopher 
D Barr, Mine Çetinkaya-
Rundel 
www.openintro.org

Introductory course

http://www.openintro.org


0

Syntax is the set of rules that 
govern what code works and 
doesn’t work. Most 
programming languages 
offer one standardized 
syntax, but R has many.   

Most people use some 
combination 

of all the syntaxes available 
to them. 

1. Dollar sign syntax uses the 
dollar sign to locate a 
variable within a dataset. It 
is expected by most base R 
functions. 

2. Formula syntax uses the 
data= argument at the end 
of a list of function 
arguments. The formula 
syntax is used by modeling 
functions like lm(), lattice 
graphics like xyplot(), and 
mosaic summary statistics 
like mean().  

3. Tidyverse syntax uses data 
as the first argument to 
function calls. It is used by 
the packages dplyr and 
tidyr, among others. The 
associated graphics library 
is ggplot2. 

R syntax 
comparison 

Cheat Sheet 

Syntax

 CC BY Amelia McNamara •  amcnamara@smith.edu  •  @AmeliaMN  Updated: 2/17

Dollar sign syntax Formula syntax

Keynote

goal(y~x|z, data=data, group=w)

Tidyverse syntax

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]) 

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: 

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))

goal(data$x, data$y) data %>% goal(x)

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]) 

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(y=disp, x=factor(cyl), data=mtcars,  

geom=“boxplot”) 

ggplot2::qplot(x=disp, data=mtcars, geom = "histogram")  
+ facet_grid(.~cyl) 

Wrangling:
subsetting: 

mtcars[mtcars$mpg>30, ] 

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

Wrangling:
subsetting: 
mtcars %>% 

dplyr::filter(mpg>30) 

making a new variable: 
mtcars <- mtcars %>% 

dplyr::mutate(efficient = if_else(mpg>30,  
TRUE, FALSE))

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) 

the pipe

tilde



• Graphical literacy skills should be taught in the 
context of science and social science.  

• Translating between representations may be 
beneficial  

• Explicitly focus on the links between visual 
features and meaning.  

• Make graph reading metacognitive 

Shah, P. and Hoeffner, J. “Review of Graph Comprehension Research: 
Implications for Instruction.” Educational Psychology Review, 2002.



• SDS 136: Communicating with Data 

• SDS 192: Introduction to Data Science 

• SDS 235: Visual Analytics 

• SDS 236: Data Journalism 

• SDS 293: Machine Learning

New faculty

New courses



• Started at UCLA 
• Now a national and 
international event 

• Groups of undergraduate 
students compete to find 
insight in data 

• Past data sponsors: LAPD, 
Kiva.com, eHarmony, 
Travelocity

TM



http://www.science.smith.edu/datafest/http://ww2.amstat.org/education/datafest/

TM



Data Science as a Science



Chick, H. and Watson, J. “Data representation and interpretation by primary school 
students working in groups.” Mathematics Education Research Journal, 2001.



flickr: @N01

Thank you
Amelia McNamara (@AmeliaMN)

https://www.flickr.com/photos/37996583811@N01/11329000895/in/photolist-ig76gD-4ot4Ji-tnkTtN-icyG3L-4wJ9CG-4UsX-4xtuaF-ssR8sr-4KNss-rj6X2T-opucEB-7SRk87-dZqDCm-Lq978-eZXmiE-onJg9g-cwMXZN-aMYvzn-8j3jw-o6eGTE-onJgfi-9gDMqn-jjJxTC-jq4Xfi-4n15mf-2BD8xP-ccoY41-4hqNHj-cgKLt7-eiYE8d-mCsi5i-6j7QGH-eiRYcK-dPTiqH-9iv2Nq-6uqtog-eiXC2Q-eiYxx9-eiXF4U-eiRUqe-eiXxg1-dgeZmZ-eiRQPn-nh1tcQ-eiYA2j-iZQNFK-eiSUKB-eiXuvE-eiYBA1-cfQctS
http://www.twitter.com/AmeliaMN

