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Announcements

Prelim 1 regrade requests due this Thursday, October 23
Group projects will be due Friday, November 14 (not Nov 7!)

e Instructions will be posted on canvas tomorrow

 We will post group member updates by tomorrow (as needed)

e We will set up group-specific workspaces on posit cloud by Thursday
o Note: we have encountered some issues with overwriting work in the past
o Save your work early and often to avoid overwriting each other's work
o We recommend backing up your individual code whenever you stop work
o Use a collaborative editing platform like google docs for your code

e Make a plan and start early!

Questions before we get started?



Plan for this week

Tuesday Thursday
* Prologue e Visualizing time: leveling up
e Visualizing time: the basics o Faceting plots
o Visualizing amounts over time o Animating plots
o Dates and times in R e Finish example-09

e Start example-09

Reference slides at end of deck:

e Visualizing distributions over time
e Starting, ending, and decomposing time



Prologue



Car thefts are rising. Is TikTok to blame?

Milwaukee, WI . .
Kia or Hyundai thefts

1,000 stolen vehicles

Other vehicle thefts

22222222222222

What's good about this graph? What could be better?


https://usafacts.org/data-projects/car-thefts

What's good? What could be better?

US Babies Receiving Names Ending in -i
per million births
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What's good? What could be better?

US Babies Receiving Names Ending in -i

e Stacked curves makes it hard to
see trends for females
e |Legend could be bigger and use
"Male" and "Female"
e x-axis labeling: use labels every 10
or 20 years (not 4!)
e y-axis labeling: -
o multiples of 4 are not intuitive o

o %s would be easier to interpret

12000




s truncating the y-axis misleading?

100.0%
99.5%

99.0%

Percent of the time

98.5%

98.0%



Don't be too extreme!

When discussing amounts, we said to never truncate the y-axis
But it is actually more legal to truncate the y-axis than you might think
When do you think it is okay to truncate?

e When small movements matter

e When the scale itself is distorted

e When zero values are impossible



When is it okay to truncate?

US GDP
$16 trillion

When small movements matter
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When is it okay to truncate?

When the scale itself is distorted

o

.

st & & & k= The ride was good, great, |
mediocre, average, decent, okay, maybe he missed
a social cue or made a bad joke, but at least he got
me where | needed to go, of course he can
improve!

# % % 5% = This driver sucks, fire him slowly: it
does not mean “average™ or “above average™. Too
many of these and I may end up homeless.

3% 3 = This driver sucks so bad I never want to
see him again. It does not mean “average™.

* % = Serious offense, maybe the car had
something dangerously wrong with it or he was
doing 120 in a 40 mile zone

F — Horrendous; worst ride ever! Threats or acts
of violence possibly made, perhaps a callous
disregard for his own safety

[£1do or $3Y Something thae you dou’t like, o i there is anyehi

ith mY €5 please tell me verbally so that T sy
wﬂ“s')wwevﬁallfﬁendshn.,mu,h’: . s =
{ssue

o]

(Average)
Overall Rating 4.6 4.8 5 Stars
€
. Abor rage,
At risk of being deactivated :::g‘:’:;:::ﬁe keep up‘;;:::od Sicau
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When is it okay to truncate?

When zero values are impossible

Oral temperature Oral temperature
W Sara H Bob B Sara HBob
100° e e 100.5¢
75 99.5
985
50
97.5
e 96.5
0 95.5

9am 10am 1lam 12pm Ipm 2pm 3pm 4pm 5pm 6pm 9am 10am Tlam 12pm Ipm 2pm 3pm 4pm 5pm 6pm



Never on bar charts!

OBAMACARE ENROLLMENT

7,066,000

| 6,000,000 B
| |

AS OF MARCH 31
MARCH 27 GOAL

mEWSh SOURCE: HHS
channel mediamatters.arg
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Zero is okay, too

Just because you don't have to start at 0 doesn't mean you should never start at 0

Andrew Gelman's heuristic: "If zero is in the neighborhood, invite it in."

Zero's in the neighborhood, so... ... Invite it in!
=
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Keep date scales consistent, flag missing data

Monthly sales millions of dollars
4 4 4
3 3 3
2 2 2 - 'i“u';-‘ i
* Missing
dat
1 1 / 1 / sl
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Aside: don’'t impute across categories

This is BAD This is BETTER

Count

Count

3-

0- 0- -

Strongly disagree Disagree Neutral Agree Strongly agree Strongly disagree Disagree

1
Neutral

Agree

Strongly agree
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Visualizing time: the basics




Visualizing amounts over time

Time is just a variable that can be mapped to an aesthetic
Can beusedas x, y, color, fill, facet, and even animation
Can use all sorts of geoms: lines, columns, points, heatmaps, densities, maps, etc.

In general, follow reading conventions to show time progression:

> &V
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Visualizing amounts over time using ggplot

Let's use GameStop share prices to make some plots:

gme_prices

## # A tibble: 5,060 x 8

#H symbol date open high low close volume adjusted
##t <chr> <date> <db1l> <dbl> <db1l> <dbl> <dbl> <dbl>
## 1 GME 2002-02-13 9.62 10.1 9.52 10.0 19054000 6.77
## 2 GME 2002-02-14 10.2 10.2 9.93 10 2755400 6.73
## 3 GME 2002-02-15 10 10.0 9.85 9.95 2097400 6.70
## 4 GME 2002-02-19 9.9 9.9 9.38 9.55 1852600 6.43
## 5 GME 2002-02-20 9.6 9.88 9.52 9.88 1723200 6.65
## 6 GME 2002-02-21 9.84 9.93 9.75 9.85 1744200 6.63
## 7 GME 2002-02-22 9.93 9.93 9.6 9.68 881400 6.51
## 8 GME 2002-02-25 9.65 9.82 9.54 9.75 863400 6.56
## 9 GME 2002-02-26 9.7 9.85 9.54 9.75 690400 6.56
## 10 GME 2002-02-27 9.68 9.68 9.5 9.57 1022800 6.45

## # i 5,050 more rows

How would you use these data to plot adjusted prices over time?



Time on x-axis + geom_point()

gme_prices |> GME to the moon
ggplot(aes(x = date, y = adjusted)) +

geom_point() + :
labs ( 300 - o
x = NULL, o

y = "Share price ($)",

title = "GME to the moon" gi
) 8 200

5

0

How could you reduce point overlap? ‘ﬁ“
100

2005 2010 2015 2020



Time on x-axis + geom_point()

GME to the moon

gme_prices |>
ggplot(aes(x = date, y = adjusted)) +
geom_point(size = 0.5) +
labs( 300 -
X = NULL,
y = "Share price ($)",
title = "GME to the moon"

)

Share price ($
A - -

secd USSP

How could you add a line to this?

[N

o

o
1

2005 2010 2015 2020
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Time on x-axis + geom_point()

gme_prices |> GME to the moon
ggplot(aes(x = date, y = adjusted)) +
geom_point(size = 0.5) +
geom_line() +

300 -
labs(

x = NULL, .

y = "Share price ($)", @
title = "GME to the moon" 8 200-

) S

B

S
Which is better, points or lines? 9 100-
O_

2005 2010

2015

2020

22



Time on x-axis: points vs lines

Which is better?

It depends!

Points emphasize observations
Lines emphasize trends

Using lines for time series data is common since data are evenly spaced and
usually complete

But lines are effectively made-up data, so be careful how you use them!

23



Time on x-axis + geom_1l1ine()

The GameStop share price plot is clearer without points:

gme_prices |>
ggplot(aes(x = date, y = adjusted)) +
geom_Lline() +

labs( 300 -
x = NULL,

y = "Share price ($)", -
title = "GME to the moon" &

) 8 200-
o
o
(48]
=

U 100-

O_

2005

GME to the moon

2010

2015

2020
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Line plots don't have to be boring

Initial unemployment claims

HOLY CRAP

6,000,000 1

4,000,000

2,000,000 +

R YOS MN__.__\\
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Source: Initial weekly unemployment claims (ICSA); FRED

Recessions highlighted in orange
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Georgia Killing Puts Spotlight on a Police Force’s Troubled History APT""" Rate of 1.7%

louches All Parts
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InFlynn Case, 1f West Wing

Russialnquiry Still Isn't Safe,
IsBarrs Target Is Any Office?

. As Official Toll Ignores Reality,
Mexico's Hospitals Are Overrun

S EEERERTe
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Dates and times in R




Are dates and times special?

We just made some plots without really thinking about data types
We can map "dates" to x regardless of whether they are date or numer-c objects
When do we need to pay attention to the details?

1. Converting from strings to dates

2. Getting components of date-time data

3. Computing time spans

27



Dates and times in R

R has "native" classes for storing calendar dates and times
e For background, see ?Dates and ?DateTimeClasses
The lubridate package offers convenient tools for working with dates and times

e | oaded automatically as part of the core tidyverse since tidyverse 2.0.0
e See Chapter 17 of R4DS (2e)

28


https://r4ds.hadley.nz/datetimes.html

Converting from strings to dates

Use lubridate: :ymd to parse dates with year, month, and day components

svb_failure <- ymd("2023-03-10")
svb_failure

## [1] "2023-03-10"

class("2023-03-10") class(svb_failure)

## [1] "character" ## [1] "Date"

29



Converting from strings to dates

lubridate offers many other functions for parsing dates

For example, instead of ymd we could use mdy:

signature_failure <- mdy('"March 12, 2023")

signature_failure class(signature_failure)

## [1] "2023-03-12" ## [1] "Date"

30



Getting components of date-time data

What year did Silicon Valley Bank fail?

year (svb_failure)

## [1] 2023

What day of the week was that? What month was that?

wday (svb_failure) month (svb_failure)

## [1] 6 ## [1] 3

wday (svb_failure, label = TRUE) month(svb_failure, label = TRUE)
## [1] Fri ## [1] Mar

## Levels: Sun < Mon < Tue < Wed < Thu < Fri < Sat ## 12 Levels: Jan < Feb < Mar < Apr < May < Jun <3Jjul



Computing time spans

How many days passed between the failures of SVB and Signature?

signature_failure - svb_failure

## Time difference of 2 days

How many days are left until classes end?

ymd (20251204) - today()

## Time difference of 44 days

These are durations

See Chapter 17 of R4DS (2e) for functions to compute periods and intervals

32


https://r4ds.hadley.nz/datetimes.html

example-09:
time-practice.R




Visualizing time: leveling up




Faceting plots over time

GROWTH OF WALMART: 1962-2006
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Animating plots over time

Life expectancy

N
o
1

80 -

()]
o
]

Year: 1952

$1,000 $10,000
GDP per capita

$100,000
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How can we make this animation in R?

First, how would we make a static plot of the data?

80~

library(gapminder) # gapminder data

gapminder |>
ggplot(aes(x = gdpPercap, y = lifeExp,
size = pop, color = continent)) +

geom_point(alpha = 0.5, show.legend = FALSE) ®

lifeExp

40- (o

'
30000

60000
gdpPercap

'
90000
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How can we make this animation in R?

Let's clean this up a bit to match the gapminder formatting:

library(gapminder) # gapminder data Year: 1952-2007
gapminder |> 80 -
ggplot(aes(x = gdpPercap, y = lifeExp,
size = pop, color = continent)) +
geom_point(alpha = 0.5, show.legend = FALSE) - >
scale_color_manual( % 60 -
values = gapminder::continent_colors IS
) + 8
scale_x_loglo(labels = label_dollar()) + $
scale_size_continuous(range = c(1, 15)) + 5340_
theme_classic(base_size = 20) +
labs(x = "GDP per capita",
y = "Life expectancy",
title = "Year: 1952-2007") o

$1,000 $10,000 $100,000
GDP per capita



Converting a static plot to an animation

Second, let's use gganimate to visualize changes over time

library(gganimate) # plot animation package Year: 1952
gapminder |> 80 -
ggplot(aes(x = gdpPercap, y = lifeExp,
size = pop, color = continent)) + ‘i..
geom_point(alpha = 0.5, show.legend = FALSE) - > ‘~,{a"
scale_color_manual( S 60 . X :
values = gapminder::continent_colors g .' e,
) + % e L) °
scale_x_loglO(labels = label_dollar()) + g i °..’ PR
scale_size_continuous(range = c(1, 15)) + 5 40 - . .o‘".' o 8, ) .
theme_classic(base_size = 20) + .. @@ o ¢
labs(x = "GDP per capita", T e e )
y = "Life expectancy", ¢
title = "Year: {frame_time}") +
transition_time(year) + $1,000 $10,000 $100,000

ease_aes('linear') # default progression GDP per capita



Saving gifs

Third, use anim_save () to write a . gif that you can text to your mom

library(gganimate)
library(gifski)

my_gapminder_animation <- gapminder |>

ggplot(aes(x = gdpPercap, y = lifeExp, size = pop, color = continent)) +
geom_point(alpha = 0.5, show.legend = FALSE) +
scale_color_manual(values = gapminder::continent_colors) +
scale_x_loglo(labels = label_dollar()) +
scale_size_continuous(range = c(1, 15)) +
theme_classic(base_size = 20) +
labs(x = "GDP per capita",

y = "Life expectancy",

title = "Year: {frame_time}") +
transition_time(year) +
ease_aes('linear')

animate(my_gapminder_animation, renderer = gifski_renderer())
anim_save("content/slides/img/09/my-gapminder-animation.gif")
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example-09:
time-practice.R




Visualizing distributions over time
(for reference)




Visualizing distributions over time

We can also visualize how distributions evolve. How could you make this plot?

1952
1957
1962
1967
1972
1977
1982
1987
1992
1997
2002
2007

25 50 75
Life expectancy



Let's start simple

library(ggridges)

gapminder |>
mutate(year = as_factor(year)) |[>

gegplot(aes(
x = lifeExp,
y = year

)) +

geom_density_ridges()

How could we modify this to follow ¢

convention for time?

25 50 75
lifeExp



Follow 1 convention for time

gapminder |> h
mutate(year = as_factor(year)) |> 1952 - —M

ggpl?t{?is( 1957 - ﬂ
X fltefzsz ) 1962 - —/\“
4 S = 1967 -

)) ahx b m
geom_density_ridges() Q 1972- A
= 1977- A

)
1982 -

How could we make the lines white? B 1087- //‘K
1992 - /_&
1997 - /\
2002 - ;__/\
2007 -
25 50 75
lifeExp

45



Add color to help visually separate densities

gapminder |>

mutate(year = as_factor(year)) |[> 1952 -
ggplot(aes( 1057 -

x = lifeExp,

y = fct_rev(year) 1962~

)) + ’%‘1967-
geom_density_ridges( §31972-
color = "white", # separate densities 5 1977 -

fill = "#B31B1B" :|1982-

) QS 1987-
1992 -

. . 1997 -

How could we add a line at the median 2002 -
of each density? 2007 -

A"
A-
N
A

A
M
Mﬂ
A

25 50 75
lifeExp
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Add a line at the median of each density

gapminder |>
mutate(year = as_factor(year)) |>
ggplot (aes(
x = lifeExp,
y = fct_rev(year)

)) +
geom_density_ridges(
color = "white",

fill = "#B31B1B",
quantile_lines = TRUE, # add lines
quantiles = 2 # median

1952 -
1957 -
1962 -

~— 1967 -

year

1972 -

S’

fct rev

1977 -
11982 -
1987 -
1992 -
1997 -
2002 -
2007 -

A —

———
ﬁ‘
‘&
N

J.-illllllllll
‘
"\a

25 50
lifeExp
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Finish by cleaning the plot up

gapminder |>
mutate(year = as_factor(year)) |>
ggplot (aes(
x = lifeExp,
y fct_rev(year)
))
geom_density_ridges(
color = "white",
fill = "#B31B1B",
quantile_lines = TRUE,
quantiles = 2
) +
labs(
x = "Life expectancy",# modify label
y = NULL # omit labels
) +
theme_minimal(
base _size = 14

)

# cleaner theme
# larger font

1952
1957
1962
1967
1972
1977
1982
1987
1992
1997
2002
2007

50
Life expectancy
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Starting, ending, and decomposing time
(for reference)




You have to start (and end) somewhere

You always have to choose start and end points

Start and end at reasonable times that help maintain the context of your story
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Measles vaccine was pretty effective

500,000

400,000

300,000

200,000

Cases per year

100,000

1960

T

Vaccine introduced in 1963

1961 1962 1963 1964 1965

Source: CDC, Epidemiology and Prevention of
Vaccine-Preventable Diseases, 13th Edition
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Measles vaccine was incredible!

800,000

600,000

400,000

Cases per year

200,000

< Vaccine introduced in 1963

p 2.

1950 1960 1970 1980 1990 2000 2010

Source: CDC, Epidemiology and Prevention of
Vaccine-Preventable Diseases, 13th Edition
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Seasonality

Don't mistake seasonality for actual trends

Total retail sales in the United States, 2019 Total retail sales in the United States, 2000-2019

520,000
500,000
% 480,000 %)
= o J
= =
© =
< — 400,000
bys s}
f [%2]
© 440,000 =
= 2
= =
300,000
400,000
January March May July September November 200,000
February April June August October  December 2000 2005 2010 2015 2020

Source: RSXFSN from FRED Source: RSXFSN from FRED. Recessions highlighted in purple.
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Seasonal adjustment

500,000
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200,000

500,000
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-25,000
-50,000

40,000
0
-40,000

Total retail sales in the United States, 2000-2019

M

Trend

/\//f

Seasonality

Remainder

oo ot

2000 Jan 2005 Jan 2010 Jan 2015 Jan 2020 Jan

Source: RSXFSN from FRED. Recessions highlighted in purple.
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Birthday decomposition

Trends

Seasonal effect Day of week effect

Day of year effect
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