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..make both calculations and graphs.
Both sorts of output should be studied;
each will contribute to understanding.

F. J. Anscombe (1973)



Anscombe’s Quartet
Each dataset has the same summary statistics (mean, standard deviation,
correlation), and the datasets are clearly different, and visually distinct.
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Matejka & Fitzmaurice (2017)
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The Datasaurus by Alberto Cairo shows us why visualisation is important, not just summary statistics.
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Beyond Bar and Line Graphs: Time for a New
Data Presentation Paradigm

Tracey L. Weissgerber' *, Natasa M. Milic'-%, Stacey J. Winham?, Vesna D. Garovic'

1 Division of Nephrology & Hypertension, Mayo Clinic, Rochester, Minnesota, United States of America,
2 Department of Biostatistics, Medical Faculty, University of Belgrade, Belgrade, Serbia, 3 Division of
Biomedical Statistic and Informatics, Mayo Clinic, Rochester, Minnesota, United States of America

* weissqgerber.tracey @ mayo.edu

Weissgerber et al. (2015) PLoS Biol 13:e1002128 (10.1371/journal.pbio.1002128)
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https://doi.org/10.1371/journal.pbio.1002128
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Test p value
T-test: Equal var. 0.035 0.050 0.026 0.063
T-test: Unequal var. 0.035 0.050 0.026 0.035
Wilcoxon 0.054 0.073 0.128 0.103

Weissgerber et al. (2015) PLoS Biol 13:e1002128 (10.1371/journal.pbio.1002128)
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https://doi.org/10.1371/journal.pbio.1002128
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Why Dynamite Plots Are Terrible—and Why You Should Use Something Else | Cédric Scherer | #30DayChartChallenge 2021 | Day 27: Educational
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#barbarplots

barbarplots.github.io
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https://barbarplots.github.io/
https://youtu.be/LFDbqw2xPbQ

Welcome!

We are a group of young scientists interested in improving scientific communication. Learn more about our campaign in
the video below.

To contact us with any questions, please email barbarplots@gmail.com.

DIOTS |

ends

deo

ends make bai plots.

" Friends don’t let fri
These look the same!  Wait a minute... Qooh!

150 150,

@
©

100

“ | ' » ‘

N : o
5@ W % W

Watch on (@8 YouTube

100

50

Copyright © #barbarplots 2016

barbarplots.github.io
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Dear Editor

Data visualization is a complex topic in the experimental sciences. While there are many ways to display data, many
researchers choose to use bar plots. Generally, these plots only depict a group mean and standard error (or deviation).
Unfortunately, most data are not as clean as bar plots make them seem, and since bar plots reveal very little about the
distribution of the data, this kind of visualization can be misleading [1,2,3]. A further issue is that of the bar itself, which
implies that the base of the y-axis is meaningful, which is not necessarily the case. The bar can then mislead readers [3].

We are a group of young scientists who recently started an initiative called “#barbarplots” aimed at raising awareness and
improving scientific communication. As part of this campaign, 169 individuals pledged over 3,400€ in a Kickstarter project
to send this package to editors of top journals. Journal editors like you have the power to greatly influence trends in the
field. We would like to suggest that you begin a conversation with your editorial board about your journal’s stance on data
visualization, and whether you wish to encourage authors to use more informative techniques to plot distributions of data.
Many high impact journals, such as Nature Neuroscience, the Journal of Neuroscience, and PLoS Biology, have already
taken the step to #barbarplots in an effort to make articles more transparent.

To better spread the word, we wish to encourage your participation in our social media campaign. A t-shirt is enclosed in
this package: put it on, take a selfie, and share it on Twitter or Facebook with the hashtag #barbarplots.

We hope that this initiative will encourage discussions between colleagues on the merits of various data visualization
techniques and on transparency in science in general.
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BAR PLOT

geom_bar(fun = "summary")

Group A Group B Group C Group D
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https://z3tt.github.io/beyond-bar-and-box-plots/

G6PLOT2 SETUP

## general theme
theme_set(theme_void(base_family = "Roboto"))

theme_update(
element_text(color = "black", face = "bold", size = 26,
margin = margin(t = 6)),

axis.text.x

axis.text.y = element_text(color = "black", size = 22, hjust = 1,

margin = margin(r = 6), family = "Roboto Mono"),
panel.grid.major.y = element_line(color = "grey9e", size = .6),
axis.line.x = element_line(color = "black", size = 1),

plot.margin = margin(rep(20, 4))

## custom colors
my_pal <- rcartocolor::carto_pal(n = 8, name = "Bold")[c(1, 3, 7, 2)]
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BAR-RLET

geom_bar(stat = "summary")

Mean value

Group A Group B Group C Group D
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Mean value

-BDYNAMHEPRLET-

geom_bar(stat = "summary") + stat_summary(geom = "errorbar")

Group A Group B Group C Group D
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Number of observations
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BAR PLOT v

geom_bar(stat = "count")

Group A Group B Group C
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Do more or high-rated companies post e-commerce jobs?
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Distance traveled across the entire race
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The "Tour de France”
starts with a series
of six wins by racers
from France
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from ends
France's first winning
streak in 1909
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BOX-AND-LWHISKERS PLOT

geom_boxplot()

Group A Group B Group C Group D
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BOX-AND-LWHISKERS PLOT

geom_boxplot()

° outlier

median

whiskers = 1.5xIQR

Group A Group B Group C Group D
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BOX-AND-LWHISKERS PLOT

g <- ggplot(data, aes(x = group, y = value, color = group, fill = group)) +

scale y continuous(breaks = 1:9) +
scale color _manual(values = my pal, guide = "none") +
scale fill manual(values = my pal, guide = "none"
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BOX-AND-LWHISKERS PLOT

g <- ggplot(data, aes(x = group, y = value, color = group, fill = group)) +
scale y continuous(breaks = 1:9) +

scale color _manual(values = my pal, guide = "none") +
scale fill manual(values = my pal, guide = "none")
g +
geom_boxplot(
aes(fill = group), alpha = .5,
size = 1.5, outlier.size = 5
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BOX-AND-LWHISKERS PLOT

geom_boxplot()

Group A Group B Group C Group D
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BOX-AND-LWHISKERS PLOT

geom_boxplot()

aes(fill = group), aes(fill = group,
alpha = .5 fill = after_scale(colorspace::lighten(fill, .5)))
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Data: UNESCO Institute for Statistics
Visualization by Cédric Scherer

"The Evolution of a ggplot (Ep. 1)"
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Global student to teacher ratios in primary education

Latest reported student to teacher ratio per country and continent (2012-2018)

Worldwide average:
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ALTERNATIUE CHART TYPES
TO DISUALIZE Distributions



UIOLIN PLOTS

geom_violin()

L

Group A Group B Group C Group D
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UIOLIN PLOTS

geom_violin(bw = .2)

$¥x

Group A Group B Group C Group D
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UIOLIN PLOTS

geom_violin()

default
4
3
Group B Group C Group D
7
6
5
bw = .2 bw = .05
4
3
Group B Group C Group D Group A Group B Group C Group D
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UIOLIN PLOT (SCALED BY COUNTS)

geom_violin(scale = "count")
Group A Group B Group C Group D
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UIOLIN PLOTS IN THE LWILD?

. Will Chase
-

tbh | think they're pointless 99% of the time. You can show the same thing
with a ridgeline plot, and the horizontal layout is far more familiar and easier

to process than the vertical violin layout. The mirroring of the distribution in
violins serves no purpose either
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UIOLIN PLOT (HALF-EYES)

Group A Group B Group C Group D
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UIOLIN PLOT (HALF-EYES)

Group A Group B Group C Group D

& cedricscherercom @ @CedScherer ) @z3tt @ @cedscherer



UIOLIN PLOT (HALF-EYES)

Group A Group B Group C Group D
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Hiking in Washington: Waterfalls are great—Wildlife and dogs rather not

The Washington Trait Association (WTA) offers a hiking guide that claims top be "the most comprehensive database of hikes in Washington”. It comprises content written by local hiking experts and user submitted information
such as ratings for each trail and specification of certain features. The plot shows the overall rating of 1,924 Washington trails listed in the WTA database grouped by its features and ordered by the highest median rating

Rating

Waterfalls

Dogs Not Allowed

Ridges & Passes

Established Campsites

Coast

Wildflowers & Meadows

Summits

Mountain Views

Lakes

Good for Kids

Old Growth

Fall Foliage

Rivers

Dogs Allowed on Leash

Wwildlife
Rating




AGE DISTRIBUTION OF SOCIAL MEDIA FOLLOWERS

. Male
B Female

Instagram Facebook Twitter

by LondonSoda



https://www.londonsoda.com/articles/violin-plots
https://www.londonsoda.com/articles/violin-plots
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RIDGELINE PLOT

ggridges::geom_density_ridges()

2 4

A .
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RIDGELINE PLOT (CUTTED)

ggridges::geom_density_ridges()

rel_min_height = 0.01

Group A
Group B
Group C

Group D

2 4 6 8
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Season:

Summer
Winter

75 100
Temperature (°F)
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Most popular girl names in the U.S.




RIDGELINE PLOT LITH MEDIAN

ggridges::stat_density_ridges()

quantile_Llines = TRUE,
quantiles = 2

Group A

Group B

Group C

Group D

2 4 6 8
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Distributions of daily
streamflow on the »  Ranked by cumulative

annual streamflow,

Yahara RIVGI’ by year . — o from least to greatest

1990 - 2018

Daily Q (ft3/s)

Contribution to #30DayChartChallenge by @USGS_DataSci




RIDGELINE PLOT LITH QUARTILES

Quartile: 1 2 3 4

Group A

Group B

Group C /\/\

Group D




RIDGELINE PLOT LITH QUARTILES

Quartile: 1 2 3 4

Group A

Group B

Group C /\/\

Group D




RIDGELINE PLOT LITH MEDIAN

Probability: M (0, 0.025] (0.025, 0.975] W (0.975, 1]

Group A

Group B

Group C

Group D

2 4 6
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RIDGELINE PLOT LITH MEDIAN

Probability: M (0, 0.025] (0.025, 0.975] W (0.975, 1]

Group A

Group B

Group C

Group D

2 4 6
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INTERUAL STRIPS

Level:

Bos P os 0.95

Group A Group B
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INTERUAL STRIPS

gegdist::stat_interval()

Level:

o2 [ os B oos 1

.width = c(.25, .5, .95, 1)

Group A Group B Group C Group D
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INTERUAL STRIPS

gegdist::stat_interval()

Level:

B 25« B sox [ 95% 100%

labels = function(x) paste@(as.numeric(x)*100, "%")

Group A Group B Group C Group D
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INTERUAL STRIPS

ggdist::stat_interval() + stat_summary(geom = "point")
Level:
B 25« B sox [ 95% 100%
fun = median, !
shape = 1,
stroke = 1.6
Group A Group B Group C Group D
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Daily Temperatures in Berlin, Germany

January  February March April July August September October November December




GRADIENT INTERUAL STRIPS

gegdist::stat_gradientinterval()

Group A Group B Group C Group D
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95% confidence interval
Forecast share of seats in the Bundestag after September 2021 election, % 2017 seat share
32
SPD

Candidate: Olaf Scholz .
21.5 2017 seat share

CDU/CsSU
Armin Laschet _

The Greens
Annalena Baerbock -

9.5 2017 seat share

FDP

Christian Lindner
11.5 2017 seat share

16.5
AfD

Alice Weidel and Tino Chrupalla -
13.5 2017 seat share

The Left
Janine Wissler and Dietmar Bartsch -

9.5 2017 seat share

*Parties must either win more than 5% of the vote or t| eats to win proportional representation in the BUHCESIE‘;’_

by The Economist



https://www.economist.com/graphic-detail/who-will-succeed-angela-merkel
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7-day-ahead forecasts of maximum stream temperature observed
at 5 sites in the Delaware River Basin P
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https://doi.org/doi.org/10.31223/X55K7G

SHOW THE Raw DATA



SCATTERPLOT (STRIP CHART)

3 2
Group A Group B Group C Group D
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BARCODE PLOT (STRIP CHART)

Group A Group B Group C Group D
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JITTER STRIP CHART
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JITTER STRIP CHART
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Snowmelt timing (1981-2020)

the difference in days from median snowmelt date at USDA-NRCS snow telemetry (SNOTEL) sites

earlier melt later melt >
1980

2020

-100 days median date +50 days +100 days
of snowmelt

Contribution to #30DayChartChallenge by @USGS_DataSci




JITTER STRIP CHART

Group A Group B Group C Group D

& cedricscherercom @ @CedScherer ) @z3tt @ @cedscherer



SINA PLOT
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DOT PLOT

ggdist::stat_dots()
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DOT PLOT

ggdist::stat_dots()

@ «——position = position_nudge(x = -.25)
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DOT PLOT

ggdist::stat_dots(side = "both")
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DOT PLOT

ggdist::stat_dots(side = "both")
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DOT PLOT

gegdist::stat_dots(layout = "weave")
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BEESLUARM PLOT

ggdist::stat_dots(layout = "swarm", side = "both")
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BEESLUARM PLOT

ggbeeswarm::geom_beeswarm()
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BEESLUARM PLOT

ggbeeswarm::geom_quasirandom()

@
2x geom_quasirandom()
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6,000 words

by Matt Daniels (The Pudding)
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3,000 words
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https://pudding.cool/projects/vocabulary/index.html
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Effective Data Visualization
with Cédric Scherer & Matthe...

Heureka Labs
1.8K views * 11 months ago

Beeswarm Charts with Cédric Scherer (Ep. 32)
473 views - 23 Feb 2021 5 14 GP O > SHARE =+ SAVE

Jon Schwabish
2.15K subscribers



https://youtu.be/kTtV2GRCkj0

TOP 2000 ¥ 70’s & 80’s

Since 1999 the 2000 most popular sones of sl time, 3 voted
shaw's sudience, are played on Dutch national Radio
marathon, The 2000 soegs are o0 the air etween 1

25th until New ve and over half of the D

10 the Top 2000 each year

The bulk of the s0ngs and most of the top 10 are from the 70's & 80's
Position in Top 2000

00oe..

25 % 100 250 50 e 3000

+aghest position reached In weekly Top &

(1L L L
1 %0

Spread across release years of the 2000 songs

But they're losing
to the new Millenium

1t makes sene that the Top 2000 will be more spread out for each new
wdition, since there are more songs to ¢ rom. However, If we
ompare the distibutions of the Top 2000 sorgs over 4 e

that. especially, the 90's has been gaining a lot of poputarity

hough af om the 90's were cut in the 2000 edition, crly

ngs from that decade were chosen. Whereas in the 2016 edition
the e of songs from the 90's has risen sigrificantly. This could be
Gue to 2 new generation who has grown up during the 90's taking over
from those who voted in the early 2000's (who spperantly didn't

appreciate the new music)

| T 20000 B rom K 2 Tep 40 b cen Mecirrarkat's op 0

by Nadieh Bremer



https://www.datasketch.es/project/top-2000
https://www.datasketch.es/project/top-2000
https://www.datasketch.es/project/top-2000
https://www.datasketch.es/project/top-2000
https://www.datasketch.es/project/top-2000
https://www.datasketch.es/project/top-2000
https://www.datasketch.es/project/top-2000
https://www.datasketch.es/project/top-2000

How the growing racial diversity in the US is reflected in schools

Comparison of the Simpson diversity index, a quantitative measure that reflects the racial diversity, during the school years 1994-1995
and 2016-2017 for schools with the racial diversity being lower than (+ or ¢) or higher than/equal to (» or #) the state's median
Dotted lines indicate the US median diversity and numbers the number of schools with only one ethnicity (dots removed for better readability).
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Leland Wilkinson
May 28, 2016 at 3:43 pm

People interested in these plots need to read my paper

http://moderngraphicsi1.pbworks.com/f/wilkinson_ 1999.DotPlots.pdf

before programming dot plots. Some of the implementations above are useful. One, however, is
misleading and should be avoided. That’s the “beeswarm” plot (why did we need a new name for this 100
year old plot?). In the vertical version of the “beeswarm” plot, the Y values are placed at their proper
locations but the X values are arbitrarily ordered by the Y values. This creates a visual artifact of U-shaped
dot stacks that misrepresent the structure of the data. There are also other examples in the “beeswarm” R
program that allow the dots to be asymmetric around a vertical center line. This, too, induces a visual
artifact. Dot plots need to be a faithful representation of a density (this is a well-defined statistical
concept) and need to converge to a population density as sample size increases.

The main point of my paper was not to devise an algorithm for producing dot plots, but to show that an
admissible dot plot algorithm (there are several) needs to be evaluated on its Integrated Mean Square
Error (IMSE). T also showed that when this is properly defined, the dot plot loss function resembles the
ones used for histograms and kernel density estimates.

As I tried to explain in The Grammar of Graphics, valid visualizations need to pay attention to the

underlying mathematical and statistical models on which they are based. It is not enough to draw
unstructured pictures of “data,” pretty as they may be.

& cedricscherercom @ @CedScherer ) @z3tt @ @cedscherer
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THE BEST OF BOTH LUORLDS:
Hybrid Chatrts



BEESLWARM PLOT LITH MEDIAN
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How diverse are schools in the US?

Bivariate map nation of racial diversi
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Simpson diversity index for all schools grouped per state, ranked from states with high diversity to those with low diversity.
Larger dots represent each state's median diversity with darker colored points laying below and lighter colored points laying above this value.
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Visualization by Cédric Scherer | Data: NCES
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BOX PLOT X JITTER STRIPS

geom_boxplot() + geom_jitter()
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BOX PLOT X JITTER STRIPS

geom_boxplot() + geom_point(position = position_jitter())

2x geom_point() with seed
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UIOLIN PLOT X BOX PLOT

geom_violin() + geom_boxplot()
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UIOLIN PLOT X BOX PLOT

geom_violin() + geom_boxplot()

outlier.shape = NA,
coef =0
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UIOLIN PLOT X BOX PLOT

geom_violin() + geom_boxplot()
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UIOLIN PLOT X BOX PLOT

geom_violin() + geom_boxplot() + stat_summary(geom = "point")

Y color == fill

fun =
geom
color

median,

"pOiI’]t",
"white"
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UIOLIN PLOT X BOX PLOT X JITTER STRIPS

geom_violin() + geom_boxplot() + geom_point()
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UIOLIN PLOT X SINA PLOT
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RAINCLOUD PLOTS

gghalves::geom_half_point() + geom_boxplot() + ggdist::stat_halfeye()
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Movement rule

Figure Ss: Probability distributions of the basic reproduction number R, for the on-the-move transmission probability using the best fit (8 =

0.023; see Fig. S4) for each movement rule compared to the non-movement model using neighbourhood infection. The dotted line indicates

an R threshold value of 1.

Scherer et al. (2020) Oikos 129 (5):651-667 (



https://doi.org/10.1111/oik.07002

RAINCLOUD PLOTS

gghalves::geom_half_point() + geom_boxplot() + ggdist::stat_halfeye()
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Bill Ratios of Brush—Tailed Penguins (Pygoscelis spec.)

Distribution of bill ratios, estimated as bill length divided by bill depth.

Chinstrap
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Gorman, Williams & Fraser (2014) PLoS ONE DOI: 10.1371/journal.pone.0090081
Visualization: Cédric Scherer « Illustration: Allison Horst


https://www.cedricscherer.com/2021/06/06/visualizing-distributions-with-raincloud-plots-and-how-to-create-them-with-ggplot2/
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RAINCLOUD PLOTS LITH BARCODE STRIPS

geom_point(shape = 95) + geom_boxplot() + ggdist::stat_halfeye()

r position = position_nudge(x = -.22)
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BILL DIMENSIONSFOF BRUSH-TAILED

catterplot of bill length versus bill depth (median
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B. Distribution of the bill ratio, estimated as bill length divided by bill depth
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Not my cup of coffee...

Each dot depicts one coffee bean rated by Coffee Quality Institute's

trained reviewers. In addition, the multiple interval stripes show
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Alliance 90/ ¢ 2 for climate a

The Greens

Joschka Fischer
May 1993 becomes
Merger with al Foreign minister
party, "Alliance 90" until 2005

April 2021
Annalena Baerbock becomes
chancellor candidate

GOVERNED GOV.
WITH SPD WITH
SPD

ompared with the results of the next federal election. The straight line going from 2017 to 2021 is based on polls a month before the

Economic recession d
Novi 999
in the forer SR and CDL’\Jdvve‘r;'\D'Er:.‘ andal I
increased tax bty November 2005 Fall 2015;
s ("Schwarzgeldaffare") Niatkal becomes Refugee
first female Merkel keeps

German chancellor borders open

Chu/CSu March 2020

Christian Democratic Union v COVID-19 infections

and its counterpart in Bavaria crease the popularity
(conservative) of the governing party
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Polls compared with the results of the next federal election. The straight line going from 2017 to 2021 is based on polls a month before the election.
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by Lisa C. Muth (DataWrapper)


https://blog.datawrapper.de/german-party-polls-vs-election-results/
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"ANIMAL CROSSING" SEEMS TO BE FUN, NO MATTER IF YOU LIKE IT OR NOT

kKK

Or, more likely, users rating it low wrote things like "not much fun”, "no fun at all” or "A fun game that | really wanted to play but what a multiplayer mode."
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Based on a sentiment analysis of "Animal Crossing" user reviews, each wordcloud shows the 50 words that contributed the most to each grade category, either in a positive or in a negative way.

Visualization by Cédric Scherer + Data by Metacritic



"ANIMAL CROSSING" SEEMS TO BE FUN, NO MATTER IF YOU LIKE IT OR NOT

Or, more likely, users rating it low wrote things like "not much fun", ’

o fun at all” or "A fun game that | really wanted to play but what a

e

multiplayer mode.

Based on a sentiment analysis of user reviews, each "word stripe” shows the 50 words that contributed the most to each grade category, either in a positive or in a negative way. The size of each word indicates
its contribution per grade. The amount of words associated with pesitive sentiment increase, as we would expect, with higher grades. Fun, even though categorized as positive, is often used in both contexts.
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