‘ntrOdUCUOn 'tO da'ta Andrew Heiss, PhD

Brigham Young University

visualization with R Fbtoidi

B Sky

Sunny side of pyramid

Shady side of pyramid




Plan for today

Why visualize data?

Types of visualizations

Aesthetics and design

) Take a sad plot and make it CRAPier 37



talks.andrewheiss.com/utah-rug-dataviz/



N tht wr banme the quuables of (ruth Bongh wor bammbeibgr of B L
-~
o definmama, bt o earn the qualey of treh o hew truth custs, aned

PR N T WS N ———— ity €ty by *= B B A v-‘,—.—‘?‘,L.—}‘- oy Global Water Crisis

prakers soud » rangel ™ baeswmg the whoe b add »

- -

whah the

pared <on b suil 0> andl 1ha ol b Srurid is indbdd a5 I g e T D e S G e L ey
-

fewcribed = We abo sy thae the trah is 2 progrmesm tha e songu | 4y > ez @ . &
o — g - -— — - - — ey -
aeaelar ohrrde the sed sbrus awthey snl srgarding smerthing o Sy ey 39 g Jlige " P n e - m—

doshalk e Lo w waean v o whal 8 b cesscas i R e -asce - S - - -~ R
’-’4 a } 1] Y -
" » of bre xad Swelt spon 3 rock Sefoew tam. ind be wrw 23d heard mach; ind becane of
THE FIRST BOOK OF NEPHI the things which he sow and bewd be did quake and tressble eaceedngly.
" And # cumme %o gam that be setarned to bus seen howse # Jerussdemy and be cant
Parrecll opee b hed e e vt the St and the 1hing whioh be had seer
His Rﬂg"dﬂd."lmm  And evng Tham cvem o =i B Spwd he wos corrwd cmey 19 o vvmeem ever Taet b

rw The b e, end b Damegh be wrw Land wing qnoe bos e e e ded

- D e i e I P
- Az scovent of Lebi and bis wite Sanah, and ha Sour sooe. beng called, (Sepazung o the P Al £ o 20 o Bt b s O Snionnding ot ol the midat of huaven, and
ey ddert) Lazun, Lernoel Sam, snd Nepbe. The Lord warne Lats %0 depart oue of e bad e Db e B Bt v sbowe Tt e s & nooa-dury " And be deo s Teesbee
g ot leraar b bt ropbernett U the Pecpu (e TG Der Exqusy wd ey b Slhowrig b, sl T Deghriens Sud Cliewd hat of the @ai 6 the D Eue
- rock b0 dewrry bo ke He tabeth thove dem pourney e e whdersew wth b fandy. ' And Sy came down snd went e spon the face of the carth, aad the S came
;‘ Nerpbs tmteth bus berthren aed remeseth 3o the land of bemwnasrm @ e reerd of the ad wood botors my tather. and geve sato bum 2 book, aad bade bim e he should
- T The mocmant A 1hew safrrmgs They ke The dmagiviers o bt b wibe Thes read ' And # came 1o puse St @ e sead, be was Sllod with the Spart of the Loed
1 lebe thew ‘amrhes srnd Jopart rde The wlidervess Thev sforemgs oo iflatams o the " Ard 3¢ tad seving “Wo ' wn s krasden $or | et seen thune shormisgions Kenvya's Water Crisis
'_‘ widereesn (e conrme ol Haess lavels They comme 1o The gy w o Nogde s brothres Yea. and e thrg dui v ieher mad oo emrng hrusden —the £ shoukd he y
- bl apaaeet bawn Mo Covdinsndomh Thom and bnaldetd o dup Dy cal Dhe s A e destrrerd ard the et turts et ey dhenbd perish by the veved and ey Sarvps s dassifad by 1he Ursted Nasora s o chronvaally walter 100 e (own
- Plase “Bonsatfil” They Croes Dhe laspe waters wte The peonnd bl sad o Sorth. This shnabl b arrend mer g e Redy A water 1trensed sation Nas & per o ou vwaner wepply of 1 000 ) 700 m
- o oot W The meimasl of NPl o b s e L Neple wiots T iemced “And B camve o o Bt whiem vy e had srad and seen wary predd and o he wthar hared. han Than | 000 i per capita Kanye ) natural water end
:} v vwbes e b ol cn laem wnses Bhangs wode Doe Lind waboan P caphe
. et 2l marvions we Sy wodks, O Lost God Abmghey! Shavtage of Clean Water Insulliclent House hold Drinking Wates
: Nogos, s Intradustron Thy Bt & degd @ D desuan » C - - "L L
" [l] U Nepde, henvag bown bnan ol pae Dy praremie Domebors | v os Taeghl AR TIV powA a3l goodless. e DercY : d
" D d B T are ower ol Be SBaberuors of the e
. - e wasie o sy davn severtinbien by bese bughly el o The Lowd @ &l Az decasm Dow w= Zercrul
- v down, vea Aaniag bod 4 great Licwledgs of e gueadiem sid T sve e of Ll Boe vk 30t mee Do who come W thee

Sevetors | make 2 recoed of my procesdiags i my dayn. “ Yeu, | mubs s second a the e thev shal porak”

h"u-v'hﬁ-.-hdmdﬁh-qcﬁhu-‘hma " Al e s e i the Bengraage of vy fither in fhe prusiing of s Godl

the Epptians. * And | know that the mocoed which | mube » e snd | mabe it with oy e s s Bl s whie Mot s Sl o olthe

- - - Doags wha b e
aws hand. wnd | e # sccording %o my knowledge Sol oy adth G Lasiinddhesmamsiin,

L, s Commmission 'u-lw&-.‘-.u-;-—d‘-“-\-ﬁ-l‘-m

WTITee, S b i) Wit Sy Duags whad he G @ Vicoad aad @ doeas aad

B akeo Mt TS BT Thags Wi be proplece! sl @ubs Lot e hldiva of
which | dhall moe sk 3 8l accoune. ™ Bt | dhall mabe an sccoust of my procesdings
0 oy don Sehold | mabe = beudgnens of Be tecord of mvy trher, apon plmes whach

e i Gt 30 Pass i the COMMen CemRedt of The THE Veas of T g of Laduliib,
kg of Jadah, (rey tathec Laby baving Swek o fervcien o ol b 2o ), wd o
AT TRAS D0C T4 FRATY PIOPELTL P IOPLeTIAg SRR T DucD DL e THGL

spent, ac the grest ciey ) bat. T N d "Wh 2 came %0 Pam A
iy tmiher, Leba, a0 Be wene Socsh peayed ummo the Lord yea eve with ol 3o et '_&-vil - - :lhn gedthe -y

father makr ® aooower o Tame cwm
Sehalf of bos poople. * Aad # carne %0 pase a be praved wte e Lood, there came o pdlar " , IN OUE OWN
0 R wamn wn ol v O g S g s, W h oy —— ot A O v d
R e e s Sttt T —— T8 The Vomaty e e - d  gr— T ol qtd votly @ A s - -
s P gl 1 Dt e el e b g e s @ e Bk of Mo Quistuap.ae | 901-469 7383

.- -- T OV iy r— — ¢ S . . and W i, W ey Wi




Hgure /: Life expectancy plotted by governance

. . NS x
8 Ml b SN
e * ‘%_ e .' .
) .“ ... .. 1 .'. ‘ T..‘ ). ’ .: .'A [ ]

™ ?-‘r' o

i ey ey LWL T
3);‘:,1_:».."‘% iy

NATHAN YAU

F - - |

70 o ‘e ?::o 0,"d “\:'”'ﬁ::.“
» “ k] ' '. . .
g RPTIN, l.‘, 1w LN
3 - it S
geo Per e \".). ‘é. mett " : .
v , : Wt e “ . ° | . . |
K] l;" n’t!a,-"‘ . .

Winners from Nathan's Hot Dog Eatmg Contest

Snce 1918 !he arnull asing COMPABON Mas rown Substartially Y acting Compettons Yom around

he worid. This year's competion wil be televised on July 4. 2008 at 12pm EDT bve on ESPN VISUALIZE THIS

For the Srst Sme snce 1088 an Amercan The FlowingData Guide 10 Design, Visualization, and Siatisics
reciarms e e when Joey Chestnut

0 Mot dogs ard Surs (MO B NEW WORLD RECOMD Py P, -
« Through 20012005 Takerw Kobayashi wns by no less
- than 12 HDBS. In 2008 he onfy wing by 1 75 Aler win
0 ning 6 yoars in a row and setting the world record 4 tmes
Kobayashs places second n 2007
w
Frank Dellaross sats 21 and a "t HDBs ower 12
- mnuies, resking the previous recond of 19 and a hat
Walter Paed 5605 4 rawm
x world record with 17 HDBs
0 Jarmes Mullen wns the raug.s ¥
cortest scardng 13 HDBs Length
of contest 15 Unavirabie I
0
os '977 mv

Tuate bt 1A et 0] e oo abde Lmsve Nboets and Nathar o | aven.s L




Why visualize data?



Data alone cannot tell

stories or prove theories




X Yy X Yy X Yy X Yy

10 8,04 10 9,14 10 7,46 8 6,58

8 6,95 8 8,14 8 6,77 8 5,76

13 7,58 13 8,74 13 12,74 8 7,71

9 8,81 9 8,77 9 7,11 8 8,84

11 8,33 11 9,26 11 7,81 8 8,47

14 9,96 14 8,1 14 8,84 8 7,04

6 7,24 6 6,13 6 6,08 8 5,25

4 4,26 4 3,1 4 5,39 15 12,5

12 10,84 12 9,13 12 8,15 8 5,56

7 4,82 7 7,26 7 6,42 8 7,91

5 5,68 5 4,74 5 5,73 8 6,89

SUM 99,00 82,51 99,00 82,51 99,00 82,50 99,00 82,51
AVG 9,00 7,50 9,00 7,50 9,00 7,50 9,00 7,50
STDEV 3,32 2,03 3,32 2,03 3,32 2,03 3,32 2,03
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X Mean:
Y Mean:
2 8h

Never trust summary statistics alone
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frondisrs In
NEUROSCIENCE

Superior pattern processing is the essence of the evolved
human brain

Mark P Mattson'**

Laboratory of Newrosoences. Neoony’ nstdute on Aging hramural Reseerch Aogram. Batvore. MO USA

Department of Neuosowerce Johng Mophing Lnversty Sohool of Megdore. Bettrmorp. MO USA
Eaned by Humans have long pondered the nature of ther mindbrain and, panticularly why its
| Mehow' Villama, Oreen COpaCILes 10r reasoning, communication and abstract thought are far sSuperior 10 other
Unvvenaty USA

species, including closely related anthropoigs. This article considers superior pattern

-
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What makes a good

visualization?
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Characteristics of graphical excellence

1. “... the well-designed presentation of interesting
data—a matter of substance, statistics, and design.”

2. Complex ideas communicated with
clarity, precision, and efficiency.

3. That which gives the viewer the greatest
number of ideas in the shortest time with

the least ink in the smallest space.

4. Nearly always multivariate.

5. Requires telling the truth about the data.



What makes Minard's graph so great?

Ink ata
Data:Ink ratio = "Dt

InkTotal



“YOUR SCIENTISTS WERE SO PREU CUPIED WITH WHETHER
THEY|COULD THEY DIDNFFSTOP T0 THINK IF THEY SHOULD e

-DR IAN MALCOLM




(f) Distribution of Genus
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® Haliangium

® Heliobacterium
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® Leptothrix

® Lyngbya

2 Maanetosoirillum @ Nitrosomonas

,z
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‘ @ Acidobacterium @ Bacillus @ Chiorobaculum @ Desulfobacteriur

@ Acidovorax @ Bacteroides @ Chlorobium @ Desulfococcus
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Types of visualizations



Exploratory visualizations

Academic-ish
Quick scatterplots, histograms, other
charts to help understand your data

Explanatory visualizations

Publishable

Consumable by the general public; Vox, NYT,
Washington Post, FiveThirtyEight, etc.



Exploratory data analysis
Flnd analytlcal InSIth In data (even causal inference )

. \




Explanatory

data analysis

Annotate and
tell a story

Republicans Shift to the Right, Democrats to the Left

Distribution of Republicans and Democrats on a 10-item scale of political values

1994 2004 2014

MEDIAN MEDIAN

Democrat Democrat

MEDIAN

92% 0

conservative
than the median
Democrat

consistently Consistently Consistently Consistent! Consistently consistently

y y

hberal conservative beral onservative 1Dera conservative
MEDIAN MEDIAN

Republican

Consistently Consistently

Consistently Consistently
beral conservative

hberal Conservative

2BUON 1IN the Amencan Pudi
ybased on s scaleof 10 sl values quesuons (see Appendix A). Republicans include Republicaniesning
clude Democranc-lean dependents (see Appendux B




Exploratory J Explanatory

Visualise

7

Import — Tidy —* Transform —— Communicate

‘\ Model

Explore

Program
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Aesthetics and design



ROAD
NEVER
ENDS

Edward Tufte

@EdwardTufte

F S Following

#Rstats coders and users just can’t do
words on graphics and typography. Proof:
40 years of clunky, even recent Stanford
Statistics textbooks. Publication-quality
work requires: R + Adobe Illustrator +
reasoning about words on graphics +
respect for audience/readers/viewers

https://t.co/tqFYoZAH5v
4 Reply T3 Retweet W Favorite **® More

8:31 AM - 26 Jun 18 - Embed this Tweet




Claus Wilke =7
@ClausWilke

Sad to announce I'll have to abandon my project of writing a
book on #dataviz entirely in #rstats, with all figures
programmatically generated. | just learned it is not possible.
Ignore the 21 chapters already online. They are a mirage.
serialmentor.com/dataviz/ twitter.com/EdwardTufte/st...
11:02 AM - Jun 26, 2018

Fund Nihilist Data Scientist L
A quid 'Y @nihilist_ds

= reflect] Most #DataScience folks eventually learn that while we all aspire
senaln

to create #dataviz that meets Tufte's approval, we are all
doomed to fall short under his watchful gaze.

753 97 le are ta
V Q) 97 peop So as with all other things in life it’s healthier to give up.

Embrace your failure, for it is inevitable.
3:56 PM - Jun 26, 2018

) 138 () 33 people are talking about this ()




Is he maybe a little right?

mtcars$mpg

20 25

15

10

plot(mtcars$wt, mtcarsimpg)

mtcars$wt
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There’s still a place for

llustrator, InDesign, et al. 1 2 3 4 5 6 7 8 9 ].O

12345678910
12345678910

The affluent official fly fished in cutoffs
The affluent official fly fished in cutofts



But R can do a /ot

And it can automate
most of the hard work

Kieran Healy

Qkjhoaly

After Edward Tufte's remarks about
graphs and text in R, by happy
coincidence | just got the proofs for my
@PrincetonUPress book. All the graphs
were made programmatically. The
pipeline for the book ms and the
website (socviz.co ) start from the same

Rmd sources.

il

~
o a4 S o . v
- e

H.

- -

e
-t e i e o
‘.~ - apone

- - s v e Ly a
. gm A 1w . -
P oo 0n -t s v bo
-t s B e

1:02 PM - 27 Jun 2018

.

Kieran Healy ( ) .
O« healy \ Follow :

The typesetters at @PrincetonUPress
are pros, of course, and did superb work
well beyond my own page layout
abilities. At the same time, it's all plain
text and plain data, with the end result
produced using open-source tools from
start to finish.

1202 PM - 27 Jun 2018

1 Rotwoot 41 Likes 'e.c@.ﬂ‘ﬂ

s Cu B8




What constitutes

good design?
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Four core design
principles

Contrast  Repetition

DESIGN AND TYPOGRAPHIC PRINCIPLES
FOR THE VISUAL NOVICE

Alignment  Proximity
ROBIN WILLIAMS




Contrast

‘If two items are not exactly
the same, make them

different. Really different.”

Don't be a wimp!




m Lorem ipsum dolor sit amet
m Lorem ipsum dolor sit amet

m Lorem ipsum dolor sit amet
__ Script [ poun. lolor sit amet
Lorern fosum dolor stt amnet

Light Lorem ipsum dolor sit amet
m Lorem ipsum dolor sit amet
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https://github.com/thomasp85/scico



James Clifton Thomas

123 Penny Lane |
Portland, OR 97211
(888) 555-1212 ‘

PROFILE:
A multi-talented, hard-working young man, easy to get along with, dependable, and joyful.

ACCOMPLISHMENTS:
January 2006-present  Web designer and developer, working with a professional team of
creatives in Portland.

May 2000-January 2006 Pocket Full of Posies Day Care Center. Changed diapers, taught
magic and painting, wiped noses, read books to and danced with babies and toddlers. Also
coordinated schedules, hired other teachers, and developed programs for children.

Summer 2006 Updated the best-selling book, The Non-Designer s Web Book with my mom
(Robin Williams) and John Tollett.

1997-2000 Developed and led a ska band called Lead Veins. Designed the web site and
coordinated a national tour.

EDUCATION:

2002-2005 Pacific Northwest College of Art, Portland, Oregon: B.A. in Printmaking
1999-2000 Santa Rosa High School, Santa Rosa, California

1997-1998 Santa Fe High School, Santa Fe, New Mexico

1982-1986 Poppy Creek Daycare Center, Santa Rosa, California

PROFESSIONAL AFFILIATIONS:

Grand National Monotype Club, Executive Secretary, 2000-2002
Jerks of Invention, Musicians of Portland, President, 1999-present
Local Organization of Children of Robin Williams, 1982-present

HOBBIES:
Snowboarding, skateboarding, tap dancing, cooking, magic, music (trumpet, drums, vocals,
bass guitar), portrait drawing

References available on request.

James Clifton Thomas

123 Penny Lane
Portland, Oregon 97211
(888) 555-1212

Profile
A multi-talented, hard-working young man, easy to get along with,
dependable, and joyful.

Accomplishments

2006-present

2000-2006

Summer 2006

Web designer and developer, waorking with 2 professional team of creatives
in Portland.

Pocicet Full of Posies Day Care Center. Changed diapers, taught magic and
painting, wiped noses, read books to and danced with babies and toddlers.
Also coordinated schedules, hired other teachers, and developed programs
for children.

Updated the best-selling book, Tie Nor-Designer’s Web Book with my mom
(Robin Williams) and John Tollett.

15972000 Developed and led a skaband called Lead Veins. Designed the web site and
cooedinated a national tour.

Education

2002-2005 Pacific Northwest College of Art, Portland, Oregon: B.A. in Printmaking

1599 -2000 Santa Rasa High School, Santa Rosa, California

1597-1598 Santa Fe High School, Santa Fe, New Mexico

1982-1586 Poppy Creek Daycare Center, Santa Rosa, California

Professional Affiliations

2000-2002 Grand National Monotype Club, Executive Secretary

1599~ present Jerks of Invention, Musicians of Portland, President

1582~ present

Hobbies

Local Organization of Children of Robin Williams

Snowboarding, skateboarding, tap dancing, cooking, magic,
music (trumpet, drums, vocals, bass guitar), portrait drawing



Repetition

‘Repeat some aspect
of the design throughout

the entire piece.”
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Riselandsshine

1t starts in the fiekds, Jamba's suppliers pick

|V produce at the peak of perfection, and with-

' Jamba Smoothies b S i 't

Sl amba Spiri
moables taste 0 tenifc

LB LE AP L Led 1) ©) I:wh:‘p'l“dklt‘"mw amba General Manager Ray Sterling is a big believer in supporting

the local community. So when Ray, who manages the Jamba store

at gth and Irving streets in San Francisco, saw that the 2004 AIDS
Walk San Francisco fundraising event was approaching, he sprang into action.

AR RRRRARARRR AR i
o :'n.z‘mo“:dt‘?:‘: lmlﬂduilyi:‘::‘and Ray volunteered to captain a team of walkers and, with the help of the
autri Soan, Ifs on its way I;l t Jamba's Northern Califomia marketing department, quickly spread the word
l stotﬁ.’ o 3 to' be mixed Into one of our ahout the event to all the stores in Northern California, His goal: Raise $10,000

Delicious!

Jamba is the perfect place to pick up that all-important
morning meal. First, our fruit-filled products are overflowing
with vital vitamins and minerals to give your body the
breakfast boost it needs. Even better, you can grab them

Ihis new energy smoothié blends brilllant mangos and perky peaches
with soymilk, nonfat frozen yogurt and our special Energy Boost™-a
potent combination of ginseng ginkgo biloba, and other fatigue-fight-
ing herbs, as well as four energy-essential B vitamins. Get Up &
Mango™ will get you maving-and give you plenty of potassium,
calcium and vitamins C and A, as well as 15 grams of protein®.

Want more protein? Our Blue Banana Blast™ smoothie is bursting
with blueberries and bananas, plus soymilk, nonfat plain yogurt, non-
fat frozen yogurt, and Jamba's Protein Boost™. You get 22 grams of
protein, plus lots of dietary fiber, calcium and vitamin D. Drink up!

New Yummy Yogurt Blends. These sweet and creamy creations blend
nonfat plain yogurt and soymilk with your favorite () N
fresh fruits and fruit juices, These drinkable yogurs \ |
are a good source of protein and an excellent
source of caldum and vitamins C and D. Yogurt's

ﬂﬁnmryrbwes:::‘,:elps aid in digestion, too. school, Why? When you wake up “, everything that
Choose from e Strawberry™, in the moming, your body’s energy 5 Jamba stands
Bright Eyed & Blueberry™ and stores are low, After all, you FRESH CROP ~ for," says Gail
Pick-Me-Up Peach™. haven't eaten anything in sight to Opening This Fall! DiSantis, a lamba

Tomorrow morning, dont let the
first meal of the day put you to
sleep! Go to Jamba-and give
yourself a fresh start!

* Nutritional information based oa Original size smon«hi}z

for a complete list of store locations!

Breakfast

our mother was
right: You shouldn
skip breakfast.

you need to feed your body the
vitamins and nutrients it craves.

“You don't want to waste calo-
ries,” explains Suzanne Havala
Hobbs, a registered dietitian and
member of Jamba's Wellness 2
Advisory Board. "If you load up on
empty calories for breakfast, by
the end of the day, you're more
likely to have missed some impor-
tant nutrients.”

A nutritious breakfast offers a
bounty of benefits, For one, you'll
have more energy and will proba-
bly perform better at work or

12 hours. if you don't refuel with
breakfast, you'll probably be
starved by lunch-and more likely
to overeat and make impulsive
food choices.

(Continued on back page)

7

splendid smoothles!

Of course, not all fruits are created equal.
And when Jamba searches the globe for the
best bananas, berries, peaches and more,
we're pretty hard to please. We're not only
picky about the fruit itself-we insist on &
spedific variety of strawberry, and each one

must adhere to our strict standards for color

Our suppliers must meet a long list of strin-
gent standar
safety. We require vendors to detail all of

their quality and safety processes and pass

- asigorous third-pany audit before we'll even

agree to taste-test their fruit. In addition,
jJamba officials visit supplier facili
continue reviewing processes even

have been our trusted partners for years.

Wihy all the fuss? famba is committed to )"

providing only the highest quality products’
to our customers. After all, the better the
fruit, the better the smoothie!

s for ensuring quality and food

AV
il
contract is signed. Many of our vuyog_s/ <

for AIDS Walk, which benefits the San Francisco AIDS Foundation and other
organizations that provide services, support and education to AIDS patients.
His enthusiasm tumed out to be contagious. On July 18, the day of the walk,
he found himself leading a team of more than 40 people, including lamba
team members, customers and friends and family. Two team members donned
BananaMan costumes, and the rest of the team sported bright yellow Jamba
t-shirts as they walked 6,2 miles through Golden Gate Park. Total money
raised: $16,019.

on the Sﬂ"d they taste great, too! But eating any old moming meal _and flavor-we're also choosy about the *1 think it's 50 important to support the local community.” Ray explains.
New Fantastic Functional Smoothies. Still sleepy? Get Up & Mango™ won't do: To start the day right, —— people whosupply it © *This is a big event in San Francisco, and the money goes to help people

and ehitdren right here. | felt it was essential for Jamba to be a part of it”
The AIDS Walk ism't the only community project Ray has
been involved with since joining Jamba two-and-a-half
years ago. He also works with a local chapter of The
Arc, an organization that helps people with develop
mental disabilities. Through The Arc, Ray has hired
several people with disabllities to work for him at
Jamba. For his efforts, he was recognized as an
“Employer of the Year" last
year by the San Francisco
Mayor's Committee for
Employment of
Persons with
Disabilities.

“Ray exemplifies

District Manager
for San Francisco
and Ray’s boss. "He's
friendly, fun and ener-
getic, and when it comes
to helping the community, he
doesn’t just talk. He's a doer.”




Alignment

‘Every item should have a
visual connection with

something else on the page.”



Example 6: Value of a resistor in an electrical circuit.

Find the value of a resistor in an electrical circuit which will dissipate the charge to 1 percent
of its original value within one twentieth of a second after the switch is closed.

Switch->

Battery Capacitor [C] Inductor

Resistor

(L

[R]

1/L*C_]
[R_/(2*L)]A2
SQRT(B15-B16)
COS(T*B17)
-R_*T/2*L)
Q0+EXP (B 19)

1250
351.5625
29.973947
0.07203653
-0.9375

3.52445064

()=
t=
L=
C=

R=

qt)=

9

0.09
0.05

8
0.0001

300

10253889 |

volts
volts
seconds
henrys
farads

ohms

Example 6: Value of a resistor in an electrical circuit.
Find the value of a resistor in an electrical circuit which will dissipate the charge to 1 percent

of its original value within one twentieth of a second after the switch is closed.

Switch->

Battery Capacitor [C] Inductor [L]

Resistor
[R]

BTCE 1250
[R_/(2*L))~2 351.5625
SQRT(B15-B16) 29.973947
COS(T*B17) 0.07203653
-R_*T/(2*L) -0.9375
QO+EXP (B 19) 3.52445064

Q0=
q(t)=
t=
L=
C=

R=

qlt)=

9

0.09
0.05

8
0.0001

1300 |

0.253889

volts
volts
seconds
henrys
farads

ohms
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Fewer/Less

The Controversy: Some usage dictionaries state that fewer and less can be used
synonymously while others say that there is a distinct difference in the usage
between the two. Fewer cannot be used in place of less, but can less be used in
place of fewer?

The Traditional Rule: Fewer refers to number among things that are counted, or
readily distinguishable units (fewer people, ships, houses.) Less refers to quantity
or amount among things that are measured (less sugar, time, energy).

History: The rule first originated in 1770 as a rule on less, “this word is commonly
used in speaking of a number; where fewer would do better. Essentially less has
been used of countables in English just about as long as there has been a written
English language. After about 900 years Robert Baker opined that fewer might be

more elegant and proper. Almost every usage writer since Baker has followed
Baker's lead, and generations of English teachers have swelled the chorus.
“No fewer than a hundred appears to me not only more elegant than no less than a
hundred, but strictly more proper.” - Baker 1770

Consensus: A substantial majority of panel members advocates retaining this
distinction between less and fewer The general consensus favors the traditional

rule that fewer refers to countable things while less refers to things measured,
though strong forces are pushing against it.

Examples:
“However fewer and fewer writers observe it, so the distinction is becoming less and
less.” -Vermont Royster

“...Dudek’s car has fewer than 600 miles on the odometer.” - Rick Reilly
“...has never gained fewer than 1,222 yards in a season.” -Rick Telander
“The odometer showed less than ten thousand miles.” - E.L. Doctoerow

“I was never in Europe for less than fourteen months at a time." - James Thurber




Proximity

“‘Group related
items together.’



Ralph Roister Doister (717) 555-1212

Mermaid Tavern

Ralph Roister Doister

Mermaid Tavern

916 Bread Street
London, NM

(717) 555-1212
916 Bread Street London, NM



Your Attitude
is Your Life

Lessons from Lessons from

raising three children raising three children
as a single mom as a single mom

Your Attitude
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Robin Williams Robin Williams
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) Take a sad plot
and make it CRAPier 3¢



ggplot (mtcars, aes(x wt, y mpg) )

plot (mtcarssSwt, mtcarsSmpg,

geom_ point ()
labs(title "Here's a title")

main "Here's a title")

Here's a title
Here's a title
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With ggplot's theme () and other

functions, we can make beautiful
CRAPYy figures automatically with R

You can also do this in base R, but | find ggplot’s paradigm more intuitive

talks.andrewheiss.com/utah-rug-dataviz/



Moral of the story

Graphics are essential for telling
stories and gaining insight

Design principles (CRAP) make
graphics better understandable

R + ggplot can follow CRAP and
make beautiful, insightful graphics



