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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 | have thought
| was a statistician |...]
| have come to feel that my
central interest Is In data
analysis.”
- John Tukey,
The Future of Data Analysis
1962
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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



* Accessibility

e Easy entry for novice users

e Data as a first-order persistent object

e Support for a cycle of exploratory and
contirmatory analysis

a modern e Flexible plot creation
statistical e Support for randomization throughout
computing e Interactivity at every level

tool e Inherent visual documentation

e Simple support for narrative, publishing, and
reproduciblility
e Fexibility to build extensions

McNamara, Amelia. “Key Attributes of a Modern Statistical Computing
Tool.” Preprint, http://bit.ly/ModernStatComputing.
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tools designed for learning statistics
are typically:
e graphical
® interactive
® intuitive
e supportive of EDA
but:
e don't support reproducibility
e can't handle real data

Fathum
TinkerPlets

Sta tKey to accompany Statistics: Unlocking the Power of Data
ock, Lock, and Lock

Rossman/Chance Applet Collection

tools designed for doing statistics

are typica

but:

ly:
oowerful

flexible

e reproducible
® supportive of extensions

e hard to get started using
® NOt Interactive
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_*Aﬂ‘__',l'_g_rmin_g_l_‘Shell Edit View Window Help
® O O /5 amelia — R — 80x24 "

Last login: Wed Apr 16 15:39:29 on ttys000
Amelias-MacBook-Air:~ amelia$ R

R version 3.0.2 (2013-09-25) -- "Frisbee Sailing"
Copyright (C) 2013 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwinl®.8.0 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> i
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® 00 R Console =

G Q- Help Search

R version 3.0.2 (2013-29-25) -- "Frisbee Sailing"
Copyright (C) 2013 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwinl®.8.0 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type 'license()' or 'licence()' for distribution details.
Notural language support but running in an English locale

R is a collaborative project with many contributors.

Type 'contributors()' for more information and

'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or

'help.start()' for an HTML browser interface to help.

Type 'q()' to quit R.

[R.app GUI 1.62 (6558) x86_64-apple-darwinl@.8.9]

[History restored from /Users/amelia/.Rapp.history]

> |
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myoato-oata. tromeCy, X)

require(leaps)

ms2 = regsubsets(Y-poly(X,10), dota-mydata, nvmax~19)
coef(ns2 . 4)

ms3 « regsubsets(Y-poly(X,10, raw-TRUE), dato-mydata, mwax-10)
coef(ns3 4)

**Back to polynomial regression®*
S0, the “raw” parcmeter determines whether you use orthogonal polynomials or raw polynomial. They work
out cbout the same when you do predictions, so it doesn’t reclly motter which one you use.

Lets plot the fits. First, we need to do some predictions.
e}

agelins « ronge(Wogesage)

ageGrid ~ seq(fromwagelims{1], to-ogelims(2])

=2 = \m(moge-poly(oge, 3), data-Woge)
m3 « lm(wage-polylage, 2), dato-Woge)
m4 = Im(woge-age, dato-Woge)

predictionsl = predict(ml, newdatoslist(oge-ogeGrid))

predictionsl - c(predictionsl, predict(n2, newdoto-list(oge-cgeGrid)))
predictionsl = c(predictionsl, predict(m3, newdoto~list{oge-cgeGrid)))
predictionsl - c(predictionsl, predict(mé, nemdota-list(age-cgeGrid)))

predData ~ dato.frame(ogeGrid ~ rep(ogeGrid, 4), preds-predictionsl, poly-c(rep(4, length(ageGrid)), rep

predDataspoly - foctor(predDataspoly)
B (Yop Level) R Markdown =

Console ~/Dropbox/Documents/Teaching /101¢/ -

P AW S TR LY T W RN WS IRV WY AW W ey

R 15 free softwore ond comes with ABSOLUTELY NO WARRANTY,
You are welcome to redistribute it under certain conditions.
Type ‘license()' or "licence()' for distribution detolls.

Notural languoge support but running in an English locale

R is @ collagborgtive project with many contributors.
Type ‘contributors()’ for more information ond
‘citation()’ on how to cite R or R packoges in publications.

Type ‘demo()’ for some demos, 'help()’ for on-1ine help, or
‘help.start()” for an HTML browser interface to help.
Type ‘q()' to quit R.

>

K 10lc~

Environment  History = ]
# [ _*impontDataset-  Clear (& Ust~
) Clobal Exvironment Q

Environment is empty
Files Plots Packages Melp Viewer -
4'-' v ll\A a &l S 4
R: Fitting Linear Models ~
Im {stats} R Documentation
Fitting Linear Models
Description

in is used to ft linear models. |t can be used 10 camy out regression, single

stratum analysis of variance and analysis of covariance (although agv may provide
a more convenient interface for these).

Usage

in(formula, data, subset, weights, na.action,
nethod = "gqr", model = TRUE, x = FALSE, y =~ FALSE, gqr = TRl
singular.ok = TRUE, contrasts =~ NULL, offget, ...)

Arguments

formula an obyect of class “formula” (or one that can be coerced to that
class): a symbolic description of the model to be fitted. The
details of model specification are given under 'Detals’,

data an optional data frame, list or ervironment (or object coercible by
as.data. £rame to a data frame) containing the vanables in the
modeld. If not found in data, the variables are taken from
environment (formula), typically the environment from which
1= is called.

subset an optional vector specifying a subset of observations 10 be used
in the fitting process.
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@7 lab-intro.Rmd » |_] R data sets |_] R data sets x
& |

ncbirths North Carolina births

oscars Oscar winners, 1929 to 2012

poker Poker winnings during 50 sessions

possum possum

prRacel8 Election results for the 2008 U.S.
Presidential race

president United States Presidental History

runl0 Cherry Blossom 10 mile run data, 2009

runl0Samp Cherry Blossom 10 mile run data, 2009

runl0_09 Cherry Blossom 10 mile run data, 2009

satGPA SAT and GPA data

senateRacell Election results for the 2010 U.S. Senate
races

smoking UK Smoking Data

textbooks Textbook data for UCLA Bookstore and Amazon

tgSpending Thanksgiving spending, simulated based on
Gallup poll.

tips Tip data

unempl Annual unemployment since 1890

Use ‘data(package = .packages(all.available = TRUE))’
to list the data sets in all *available* packages.

Console

Attaching package: ‘openintro’

The following object is masked from ‘package:mosaic’:

dotPlot

The following object is masked from ‘package:datasets’:
cars
> ggplot(tgSpending) + geom_histogram(aes(x=spending))

“stat_bin()" using ‘bins = 30 . Pick better value with ‘éfnwidth“.
> |

RStudio

= ]

=]

K] Project: (None) ~

Environment  History |

<% [ _#Import Dataset ~ 3 List » | (&

7} Global Environment ~

Data

© tgSpending 436 obs. of 1 variable i
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K] Project: (None) ~

Environment  History |

<% [ _#Import Dataset ~ 3 List » | (&

7} Global Environment ~

Data

© tgSpending 436 obs. of 1 variable i

Files Plots Packages Help Viewer | ‘
2® Zoom HExport~ @ ¥ ‘s, Publish | (&

40~

30-

count

20~

10-

0 100 200 300
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Tableau
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Dimensions =Y <
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SUM of CNT(Spending): 436
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Exploring Histograms, an essay by Aran Lunzer and Amelia McNamara

Gather your data

@ gather data items

A histogram is based on a collection of data about a numeric variable. Our first step is to ®
gather some values for that variable. The initial dataset we will consider consists of fuel >
consumption (in miles per gallon) from a sample of car models available in 1974 (yes, rather >

out of date). We can visualize the dataset as a pool of items, with each item identified by its 30 v e
value—which in theory lets us “see” all the items, but makes it hard to get the gestalt of the ' ‘
variable. What are some cordmon values? Is there a lot of variation? ; A0

5

o &g

unit: seconds

'z

oy Dl

dataset: Geyser—272 records of delay (in seconds) between eruptions of Old Faithful

:6;:%

http://tinlizzie.org/histograms/
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View of Perceptual Data Student

Data Unit Structure Observation
(\ Y
(o @
Y We said our
Pointer ? S 1 ’ favorite colors
\
Case Value @ .5... Juan likes red
[
Classifier : Three like red
Red
o @
Aggregate : [IX) Half like red
Red Not Red 2]

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



Spatial aggregation toy
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Interactivity
in published

WO r k @ web [] Mobile ] Enterprise

hitp://bit.|

IEEE Spectrum  Trending

Language Types (click io hide)

Language Rank Types

Jobs

Choose a Ranking (choose a weighting or make your own)

Open | Custom

# Embedded

1. Java @ =
S mpeE
3. C++ D mE
4. Python @ [;]

5. o @05
6. PHP )

7. Javascript &[0

8. Ruby i)

9. R J
10. MATLAB J

Show Extended Ranking

IEEE lanquagerank

n
g
E
3
e
o
3
=
3
@


http://bit.ly/IEEE_languagerank

INteractivity et

IEEE Spectrum

N published EEEE R

Language Types (click o hide)

WO r k @ web [] Mobile I Enterprise

VN

# Embedded

The ranking is calculated using 12 weighted data sources. Click a data source to
toggle its inclusion in the ranking and drag its slider to reweight it.

Google (search)
Github (active)
Stack Overflow (?s)
Reddit O
Career Builder

Topsy O

http://bit.ly/IEEE languagerank

50

50

30

20

20

Google (trends) O 50
Github (created) O 30
Stack Overflow (views) O 30
Hacker News O 20
Dice O 5
IEEE Xplore ()100


http://bit.ly/IEEE_languagerank

Slow Motion | F SR s
CODAP =
(Common Online Data Analysis Platforfal el e el el el

Untitled Document

User: guest Version 1.1 (0283 IS)

Clear Data... Login

2 1UEN

ame

About Row mass_o... parach... termina... |5 Time (s) Distanc... Velocit...
1 200 700 229 :E]J 2.33 4.58 1.78
2 200 800 < S 2.37 4.51 1.78
3 200 1000 16 =) 2.41 4.44 1.78
4 200 1100 1.45 =) 245 4.36 1.78
5 200 900 1.78 S| 25 4.29 1.78

Hide All- 12345 3

e
0 coﬁ,%’}ﬁ?,'.ﬂ 125s L W Start Stop Analyze Data New Run

http://concord.org/projects/codap
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Our data. Our lives.

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

e Year-long course

e Validates Algebra Il requirement

* "Data science”
e Taught in R within RStudio server
« Participatory sensing

e Content includes:

Introduction to Data Science . Exploratory data analysis

Robert Gould « Randomization, simulation,
Suyen Moncada-Machado bOOtSt I'a p p | N g

Terri Anna Johnson

James Molyneux

o Simple linear regression, multiple
regression

e Decision trees, clustering, k-
means

Introduction to Data Science v. 3.0

www.mobilizingcs.org/
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Introduct a Science

QQ’

Suyen Moncada-Machado
Terri Anna Johnson

James Molyneux

Introduction to Data Science v. 3.0 1

RStudio Lab Codes and Functions

Contents

Loeding;:saving and viewing:data’s:s o & 8% % SR Onns o5 o o e
Scraping - webidata: sl em sueamnemsesiand T smn sy SxsdETb ke B B (e SIS
Data manipulation: functions: :: «cecumemsperans anp. s ora v ErsierEraeEe G0 SIS S STaLETe
Numerical summaries and frequency tables . . . . ... .. .. ... ... ...
Plotting: funcHone: #ic, 5%.ia-0 i SR Raai. 24, 54 55 16 SR i 88 a5 48 st eis
IMBDB. (oneroriewamnerameiaiis arie, e RN e ANSIaAAT HEN $r/s] WS WRbS SRS e (N TGpe ({piasisiie Gefae
Statistical MOdeling - vin wps wse vnsemieinss S 8 B Sb BRI ST G0 BT MRt
Sampling and permutation functions; <t i S G B SRR WS S BN SRUEEes
Probability-fUNCUIONS ., oo o003 S0 0050, 510l o d® 305 shbe bodh Biiish Beimuth o BB (8L 1o i fogs. o aitias
Symbols: and operators:y... o isur wneeveere 106 s pe SeSERRINRLY B0 g . G e
Creating:fmetions! svicun ww oy cumsssEtmenite: i $4 W8 SO RrEEeE B 528 TR e

Loading, saving and viewing data

data(): Loads and displays a pre-loaded data file from RStudio.

Ezample:
data(cdc)

read.csv(): Imports data from a .csv format

Ezample:
read.csv("Time Use.csv")

View(): Displa’ the data 'r

Ezam,
Vie

head(): Prints the first 6 values or rows of data in the console.

Ezamples:
# Observations of a dataset
head(cdc)

# Observations of a wvariable
head(~gender, data = cdc)

tail(): Prints the last 6 values or rows of data in the console.

Ezamples:

# Observations of a dataset
tail(cdc)

Introduction to Data Science v 3.0
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R Syntax

xyplot(mpg ~ wt | as.factor(cyl), data = mtcars)

par (mfrow = c(1,3))

plot(mtcarssSwt
plot(mtcarssSwt
plot(mtcarss$wt

‘mtcarsS$Scyl ==
‘mtcarsScyl ==

‘mtcarsScyl ==

VS.

1, mtcarsSmpg
1, mtcarsSmpg
1, mtcarsSmpg

‘mtcarsScyl ==
mtcarsS$Scyl ==

‘mtcarsScyl ==




mpg

mtcarsSmpg[mtcarsScyl == 4]
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mtcarsSwiimtcarsScyl == 4]

mtcarsSwimtcarsScyl == 6]

mtcarsSwi[micarsScyl == §]



Formula-nased syntax

e lattice graphics
e mosaic package for statistics

e mobilizr additional functions

Want to check out the labs?

library (devtools)

install github("mobilizingcs/mobilizr")
library (mobillizr)

load labs()



T —
A 12w,

IDS Teachers are engaging students in exploratory data analysis and
statistical thinking to deepen their understanding of STEM concepts.

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



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

Data science a th

& flickr: leslee



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

Introductory course

Introductory Statistics with
Randomization and
Simulation.

David M Diez, Christopher
D Barr, Mine Cetinkaya-
Rundel
WWW.0penintro.org

Introductory
Statistics with
Randomization
and Simulation

Openlntro@



http://www.openintro.org

R syntax

comparison

Cheat Sheet

Q:.} SMITH COLLEGE

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
dollarsign 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 Im(), 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.

goal(data$x, datasy)

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])

hist(mtcars$disp)

boxplot(mtcars$disp)

barplot(table(mtcars$cyl))

plot(mtcars$disp, mtcars$mpg)

mosaicplot(table(mtcars$am, mtcars$eyl))

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])

subsetting:
mtcars[mtcars$mpg>30, ]

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

CC BY Amelia McNamara « amcnamara@smith.edu « @AmeliaMN

goal(y~x|z, data=data, group=w)
one continuous variable:
mean(~mpg, data=mtcars)

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

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

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

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

bwplot(~disp, data=mtcars)

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

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

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

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

bwplot(cyl~disp, data=mtcars)

data %>% goal(x)

one continuous variable:
mtcars %>% summarize(mean(mpg))

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

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

one continuous, one categorical:
mtcars %>% group_by(cyl) %>%
summarize(mean(mpg))

one continuous variable:
gplot(x=mpg, data=mtcars,
geom = “histogram”)

gplot(y=disp, x=1, data=mtcars,
geom="boxplot”)

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

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

two categorical variables:
gplot(x=factor(cyl), data=mtcars, geom="bar")
+ facet_grid(.~am)

one continuous, one categorical:
gplot(y=disp, x=factor(cyl), data=mtcars,
geom="boxplot”)

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

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

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

Updated: 2/17



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

® [ranslating between representations may be
beneticial

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

e Make graph reading metacognitive

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



New faculty

SDS 136: Communicating with Data
SDS 192: Introduction to Data Science
SDS 235: Visual Analytics
SDS 236: Data Journalism
SDS 293: Machine Learning \

New courses



“H#ataFest

e Started at UCLA

e Now a national and
iInternational event

e Groups of undergraduate
students compete to find
insight in data

e Past data sponsors: LAPD,
Kiva.com, eHarmony,
Travelocity
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NEW MEXICO

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



Data Science as a Science

SPraCiCo -
Jala SCIENCE S
or Stats

http://bit.ly/practical-data-sci




Figure 3. Prestructural representation from Group 5. (The caption at the top reads
“This is a graph of a group of kids who showed their ages”.)

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