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a course that provides

a cCoOmmMon (gateway) experience

to students wanting to get startea with stats,
anad that Is

place guantitative
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challenging,
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emphasize modem
and Mmultivariate

DA + data

visualization

teach
(Not just expect)
reproauciple
computing

start at the
beginning of data
analysis cycle with
data collection and
cleaning

approach statistics
from a model
pased perspective

encourage +
enforce Working

collaboratively

(think, code,
write, present)

JNnaerscore
effective
communication

Of

findiNgs
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ask guestions that

students want to
answer

equip students
with the tools to
answer questions
of their own
CNhOOSINg
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-eXploratory data analysis
-Study design
-Probabllity

-Random variables
-Central Limit Theorem

-One sample mean HT and C

-One sample proportion H

- lwo sample mean HI1 anc

-Chi-sguare test
-ANOVA
-SImple linear regression
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+ R
+ R Markaown

+ git / GitHub

+ data scraping

+ [teration

+ WOrking with
non-rectangular data

+ INnteractive visualization




Visualizing

Fundamentals of data
& data viz, revision
EXErCISes,

contou

aNo

S

Od

and g

NAl

ng variables
MpPSoN's
radox

t/GitHub)

Wrangling
data

|dy data, data

frames vs. summary

tabl

es, recoding ano
transforming

variables, web
scraping and Iteration
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Making
rIgorous
conclusions

lding and selecting
modaels, visualizing
iNnteractions,

oredic

1oN and model

validation, inference
via simulation &
discussion of CLT

L.ooking
forward

Interactive
visualization and
reporting with Shiny,
Bayesian inference,

text analysis,
folal
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+ nstall R O - Go to rstudio.cloud (or some
S nstall RStudio 9 other server based solution)
_ff nstall the following packages: 2 - Log In with your ID & pass
“g - rmmarkdown -

L - tidyverse > hello R!

- Load these packages
- Install git


http://smith.stat.duke.edu:8787
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class(mtcarsSmpg)
#> [1] "numeraic”
mean(mtcarsSmpg)
#> [1] 20.09062
median(mtcarsSmpg)
#> [1] 19.2
sd(mtcarsSmpg)

#> |[1] 6.026948



- Open today’'s example project
KNit the document and discuss the results with your neignoor

Percentage of 'Yes' votes in the UN General Assembly
1946 to 2015

Arms control and disarmament Colonialism Economic development
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0.8-

04-

0.0-
0 Country
><1_> =&= Turkey
X =o= United States of America

0.8-

04-

@ o
0.0- e o @ o [esseuse;
1960 1980 2000 1960 1980 2000 1960 1980 2000
Year

- |hen, change countries plotted and knit again. ..



stick with a
consistent
grammar




recode binary variable recode binary variable

mtcarsStransmission <- mtcars <- mtcars %>%

Q
2,
-
Q
>
>
O
-

1felse( mutate(
mtcarsSam == 0, transmission =
"automatic", case_when(
"manual" am == 0 ~ "automatic",
) am == 1 ~ "manual"




recode multi-level variable

recode multi-level variable

mtcarsS$Sgear_char <- mtcars <- mtcars %>%

Q
2
-
Q
>
>
O
=

1felse( mutate(
mtcarsS$Sgear == 3, gear_char =
"three', case_when(
ifelse( gear == 3 ~ "three",
mtcarsS$Sgear == 4, gear == 4 ~ "four",
"four", gear == ~ "five"
"five") )




visualize three variables

visualize three variables

tidyverse

mtcars$trans_color <- ggplot(mtcars,
ifelse(mtcarsS$transmission == "automatic", rrapp‘ing = aes(
"green", ._
"blue") X = disp, y = mpg,

color = transmission

)) +

geom_point()

plot(mtcarsSmpg ~ mtcarssS$disp,
col = mtcarsStrans_color)
legend ("topright",
legend = c("automatic", "manual"),

pch = 1, col = c("green", "blue"))
35 -

o
o
30- ¢ °
OO °® X
g & - %O © automatic 25" ° transmission
eEe ] ° X © manual g ¢ ° ® automatic
e o OO @) o ' & ® ° ®
S N T SaNe O o O 20 - . . o ® manual
= N @ 00 95 o o ® .
= o o
- Q0 . ® o
— | | | | 15 O e g
100 200 300 400
10 - —
mtcars$disp 100 200 300 400

disp



mpg

mtcars_cyl
mtcars_cyl
mtcars_cyl

par (mfrow
plot(mpg ~
col =
plot(mpg ~
col =
plot(mpg ~
col =

<- mtcars
<- mtcars
<- mtcars

c(1l, 3))
disp, data

trans_color,

disp, data

trans_color,

disp, data

trans_color,

legend ("topright",

‘mtcarsScyl
‘mtcarsScyl
‘mtcarsScyl

visualize four variables

= mtcars_cyl4,
main = "Cyl
= mtcars_cylé6,
main = "Cyl
= mtcars_cyls,
main = "Cyl

o O bh

»

Q
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-
Q
>
>
O
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4")
6")

8")

legend = c("automatic", "manual"),
pch = 1, col = c("green", "blue"))
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visualize four variables

ggplot(mtcars,
mapping = aes(
X = disp, y = mpg,
color = transmission

)) +
geom_point() +
facet_wrap(~ cyl)
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use real and
relatable
examples







Question 8. Create a visualization displaying the relationship between bike rentals and season.
Interpret the plot in context of the data.

Daily bike rentals throughout seasons
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Question 8. Create a visualization displaying the relationship between bike rentals and season.
Interpret the plot in context of the data.

Daily bike rentals throughout seasons

©
7500 |

Daily bike rentals

2500

]

Winter Spring Summer Fall
Season



Question 8.

7500

5000

Daily bike rentals

2500

Create a visualization displaying the relationship between bike rentals and season.

Interpret the plot in context of the data.

Daily bike rentals thr

&

Winter

— _——W

bike %>%
filter (season == "Winter") %>%
summarise(min = max(cnt), day_min = dteday[which.max(cnt)])
## # A tibble: 1 x 2
i min day_min
## <db1l> <date>
## 1 (836 2012-03-17

Go gle march 17 2012 washington DC § Q

President Obama at the Dubliner on St. Patrick's Day | whitehouse.gov
https://obamawhitehouse.archives.gov/.../2012/.../17/president-obama-dubliner-st-patr... v

17 Mar 2012 - President Barack Obama is reflected in a mirror at the Dubliner, an Irish pub in
Washington, D.C., with his Irish cousin, Henry Healy, and Ollie Hayes, a pub owner in Moneygall,
Ireland, on St. Patrick's Day, Saturday, March 17, 2012. (Official White House Photo by Pete Souza).
President Obama Greets the ...



Question 8.

7500

5000

Daily bike rentals

2500

Create a visualization displaying the relationship between bike rentals and season.
Interpret the plot in context of the data.

bike %>%
filter(season == "Fall") %>%
summarise(min = min(cnt), day_min = dteday[which.min(cnt)])
## # A tibble: 1 x 2
i min day_min
## <db1l> <date>

## 1 22.0 2012-10-29

Fall

GO gle october 29 2012 DC 8§ Q

Washington DC shuts down in preparation for hurricane Sandy | US ...

https://www.theguardian.com/.../2012/oct/29/washington-dc-shutdown-hurricane-sand... ¥
28 Oct 2012 - Panic buying and fears over capability of power companies as first light rains reach city.

Hurricane Sandy: high winds and flooding hit US east coast — Monday ...
https://www.theguardian.com/.../us.../2012/oct/29/hurricane-sandy-new-york-live-blo... ¥

30 Oct 2012 - Announces plans for a Storm Recovery Support Call Center operated by @

Delaware  DHSS will open tomorrow at noon. Gov. Markell: The message for tonight is to hunker down.
Weather Underground (@wunderground). 470,000 without power in 13 states and DC. October 29,
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observed sample
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Sample median = $2350 &

population
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Population median= ?



s%o “$Faon $2350 $3200 $2150

)\ N 22z
$3267 $2495 $23497 $3950 $1795

[ =) Taje] AL A

- ') AN
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Sample:

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
Ordered sample:

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20

Bootstrap median:




library(infer)

manhattan %>%

specify the variable of i1nterest
specify(response = rent) %>%

generate 15000 bootstrap samples
generate(reps = 15000, type = "bootstrap'") %>%

calculate the median of each bootstrap sample
calculate(stat "median")




Bootstrap distribution of medians
and 95% confidence interval
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estimation AISCUSSION ON

via representativeness
pbootstrapping Of samples




teach
tools for
good science




f Iterate programming

rmarkdown

VEersion contro

+ transparent commit nistory




') cherish day one

§ stick with a consistent grammar

4. use real and relatable examples

S teach tools for good science






Data Science Course 1n a Box
slides
assignments
labs
exams
project
tutorials (WIP)
book (WIP)
t: overview of materials

computing infrastructure
dsbox-package (WIP)

bit.ly/ds-box



http://bit.ly/ds-box

W"’ bit.ly/ds-box

@minebocek
mine-cetinkaya-rundel

mine@stat.duke.edu



http://bit.ly/ds-ncf
mailto:mine@stat.duke.edu
http://bit.ly/ds-box

