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Grammar of Graphics

Wickham (2016) ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York
Wilkinson (2005) The Grammar of Graphics. Statistics and Computing. Springer, 2nd edition.
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Base R

df barplot(as.matrix(dfSperc),

e duty perc
## 1 Teaching 40
## 2 Research 40
## 3 Other 20

tibble::as_tibble(df)

## # A tibble: 3 x 2
##  duty perc
## <chr> <dbl>
## 1 Teaching 40

o S A

Single purpose functions
to generate "named plots”

& R Core Team (2020) R: A Language and Environment for Statistical Computing https://www.R-project.org/
& X Z1 KiF emitanaka.org/slides/TokyoR2021

40 60 80 100

20

legend = dfSduty)

O Other
O Research
B Teaching

pie(dfSperc, labels = dfSduty)
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ggplot2

df

A duty perc
## 1 Teaching 40
## 2 Research 40
## 3 Other 20

tibble::as_tibble(df)

## # A tibble: 3 x 2
##  duty perc
#i#t <chr> <dbl>
## 1 Teaching 40

2 Research 40

ggplot(df, aes(x = ""

geom_col()

100 -

75~

25-

y:

fill = duty)) +

perc,

, # dummy

duty

stacked barplot & pie chart®iZ\\|[dcoordinate system#h®

Cartesian coordinate’* 5 polar coordinate & Z 1 > /-

& X Z1 KiF emitanaka.org/slides/TokyoR2021

ggplot(df, aes(x = "", # dummy

geom_col() +

y = perc,
fill = duty)) +

coord_polar(theta = "y")

0/100

50

perc
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RFN7s—IVRAR - 2O7OY FMEEST—RTS?

data(cochran.crd,

package =

"agridat")

cochran.crd

#H#
#H#
##
##
T
H#H#
#H#
#H#
##

WERNER

DO NO oA WN -

inf
9
12
18
10
24
17
30
16

1 N

trt row col
F3 4
0)
S6
F12
S6
S12
S3
F6

n

A MDD DA S DD
L oo NO oA OWN -

inf

4- trt

B Fi12

3- F3

2 F6

frud 2. (@]
S12

1- S3
S6

& Kevin Wright (2020). agridat: Agricultural Datasets. R package version 1.17.
& W.G. Cochran and G. Cox, 1957. Experimental Designs, 2nd ed. John Wiley, New York.

& X541 KlE emitanaka.org/slides/TokyoR2021

ggplot(cochran.crd,
aes(x = col,
y = row,
fill = inf)) +
geom_tile(color = "black", size = 1.2) +
scale_fill_gradient(low = "gold",
high = "firebrick4") +
theme(text = element_text(size = 20))

ggplot(cochran.crd,
aes(x = col,
y = row,
fill = trt)) +
geom_tile(color = "black", size = 1.2) +
scale_fill_viridis_d() +
theme(text = element_text(size = 20))
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Grammar of
Data Manipulation
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Wickham, Francois, Henry & Miiller (2020) dplyr: A Grammar of Data Manipulation. R-package version 1.0.0.
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tapply(cochran.crdSinf, cochran.crdStrt, mean) | library(dplyr)
cochran.crd %>%
group_by(trt) %>%
summarise(avg = mean(inf),
sd = sd(inf))

## F12 F3 F6 0 S12 S3
## 5.750 9.500 15.500 22.625 14.2560 16.750 1

tapply(cochran.crdSinf, cochran.crdStrt, sd)
## # A tibble: 7 x 3

#1# F12 F3 F6 0 ## trt avg sd
## 2.872281 4.932883 3.785939 8.365533 4. | ## *x <fct> <dbl> <dbl>
## 1 F12 5.75 2.87
tapply(cochran.crd$inf, cochran.crdS$trt, ## 2 F3 9.5 4.93
function(x) c(avg = mean(x), sd = sd(x) |## 3 F6 15.5  3.79
## 4 0 22 .6 8.37
## SF12 zz : 3;2 —
##t avg sd o = HDAMNEXD
## 5.750000 2.872281
AMHDPITNT
##
a—
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Grammar of
Experimental Design
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e Completely Randomised Design

Randomised Complete Block Design

Latin Square Design

Balanced Incomplete Block Design

Factorial Design

2k-Fae*ce|=i*&I—Dee1'gﬁ (201 8ELBERDBRWVE)

Split-plot Design @#2018ziemLr)
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Completely Randomised Design (CRD)

e ftreatments randomised to n units

3 types of
6 people
drugs
° observation = mean + treatment + error
[
[ y C (with constraints and distributional assumptions)
a / > 7
2 S e
® Source df SS MS F P-value
[
o Treatment t—1 TSS MST f=MST/MSR  P(F,_y,,>f)

Residual n—t RSS MSR

4 MONASH
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Randomised Complete Block Design (RCBD)

e b blocks of size ¢

3 types of ¢ Itreatments randomised to 7 units within each block

6 people drugs
" observation = mean + treatment + block + error
‘l\ - = S ANOVA |
N Source df SS MS F P-value
‘l/ > 7
a 3 Treatment t—1 TSS  MST f=MST/MSR  P(F_j p-1)¢-1) > [)
a Block b—1 BSS MSB
4

Residual (b—1)(f —1) RSS

MSR

& X541 KlE emitanaka.org/slides/TokyoR2021
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Latin Square Design (LSD)

« two orthogonal blocks of size ¢

4 tire brands e { treatments randomised to units such that every treatment appears exactly
0000 .
once in each block

ol | | |
ol | | | -

observation = mean + treatment + row + column + error

= .... Source  df SS MS F P-value
= .... Treatment ¢ — 1 TSS  MST f=MST/MSR P(F_j 1) > f)
Row t—1 RowSS MSRow

\ } Column t—1 ColSS MSCol
K @ j Residual (f—2)(t—1) RSS MSR

& X Z1 KiF emitanaka.org/slides/TokyoR2021
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Balanced Incomplete Block Design (BIBD)

e b blocks of sizek < ¢

gty.pe":dl:ts. . ttreatments randomised to units within each block such that every pair of
treatment appears the same number of times across blocks

Mum
| [

observation = mean + block + treatment + error

o \OVA |
& .... Source df SS MS F P-value
R Block b-1 BSS MSB
.... Treatment ¢ —1 TSS|Block MST f =MST/MSR P(F,_j, p_141> f)

Residual n—b—1t+1 RSS MSR

-
.

&
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Factorial Design

e ab = t treatments randomised to 7 units

2 types of fertilizer o treatment is every combination of two factors A and B

4 varieties of carrots observation =mean+ A+ B+ A:B+ error

AN

— I

.- Source df SS MS F P-value
Treatment ab — 1 TSS MST f=MST/MSR P(Fpp_1p—ap>f)

e ” g

--.- Residual n—ab RSS MSR

AR

AN WY

N MONASH
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Split-plot Design

ny whole plots consisting of b sub plots

in total there are n sub plots

irrigation system
[imigated | [ reinted |  treatment factor A is randomised to whole plots
4var;et:i‘es\of:arrots « treatment factor B is randomised to sub plots within each whole plot

observation = mean+ A+ WP+ B+ A:B+ error

-.
..
..

Not the same
definition as in
sample surveys

Stratum Source df SS MS F P-value

Whole Plot I .
(WP) Irrigation (A) a—1 A-SS MSA
- . WP Residual "1 —a WP-SS MSR-WP
Sub Plot Variety B) b—1 B-SS MSB
SP
(P AB  (a—-1)b-1)  ABSS MSAB f* = MSAB/MSR-SP P(F(4_1)p-1)n—ab—n,+a > )

SP Residual n —ab — (n; —a) SP-RSS MSR-SP

Pq MONASH
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CRAN Task View of
Design of Experlments

nnnnnnn

(Please note that there may be some webscrapping error)




Y vO0—KENTR-packagessh vy 710

AlgDesign
agricolae

lhs

[
N

DoE.base
FrF2

package

DiceKriging

rsm

conf.design
BsMD

25 50 75 100
downloads (10k)

o

AlgDesign and agricolae are the most downloaded
(data from cranlogs from 2015-01-01 to 2020-12-31)
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agricolae: :design.crd

Completely randomised design for t = 3 treatments with 2 replicates each

trt <_ C(IIAII, IIBII, IICII)
agricolae::design.crd(trt = trt, r = 2) %>% glimpse()

## List of 2

## S parameters:List of 7

## ..S design:
## o ..S trt

## .S r

## ..S serie
## ..S seed
## ..S kinds
## L&

TR A lhAAlL

chr "crd”

: chr [1:3] "A" "B" "C"
: num [1:3] 2 2 2

: num 2

: int 2074805913

: chr "Super-Duper”

: logi TRUE

el AdAad+A FfrmamAl . = Al A

& X541 KlE emitanaka.org/slides/TokyoR2021

~F
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design sketch

O30 =

ow>

AN o I"-; I'\L\1 7~ ~ °
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agricolae: :design.rchd

Randomised complete block design for t = 3 treatments with 2 blocks

trt <_ C(IIAII, IIBII, IICII)
agricolae::design.rcbd(trt = trt, r = 2) %>% glimpse() -
design sketch

## List of 3 1

## S parameters:List of 7

#it ..S design: chr "rcbd"

## ..$ trt : chr [1:3] "A" "B" "C" rt
##  ..Sr : num 2 o A
##t ..S serie : num 2 B B
##  ..$ seed : int 490734433 Oc
#it ..S kinds : chr "Super-Duper"

H## .8 . logi TRUE

RARREA A AlsAa+AL . Al r .n 1 .01 AN U aSl npn AN

P4 MONASH
@ University 24/37
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agricolae::design.1lsd()

Latin square design for f = 3 treatments
trt <_ C("A", IIBII, IICII)
agricolae::design.lsd(trt = trt) %>% glimpse()

## List of 3
## S parameters:List of 7

O m>

#it ..S design: chr "lsd"

# .S trt : chr [1:3] "A" "B" "C"

## .S r : int 3

##t ..S serie : num 2

## ..S seed : int -338489375

#it ..S kinds : chr "Super-Duper"

## S : logi TRUE

A A AlsAa+AL . Al r1M .o 1 .01 AN U aSl nmpn nmpn
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agricolae::design.bib()
Balanced incomplete block design for 1 = 3 treatments with block size of 2

trt <_ C(IIAII, IIBII, IICII)
agricolae::design.bib(trt = trt, k = 2) %>% glimpse()

## [1] "No improvement over initial random design."
##
## Parameters BIB
e E RS ==
## Lambda 1
## treatmeans 3
## Block size : 2
3
2

O m >

## Blocks
## Replication:

H-H

g MONASH
‘@ University 26,37
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agricolae::design.ab()

Factorial design for 1 = 3 X 2 treatments with 2 replication for each treatment

agricolae::design.ab(trt = ¢c(3, 2), r = 2, design = "crd") %>% glimpse()

design sketch
## List of 2
## S parameters:List of 8
##t ..S design : chr "factorial"
Pk .S trt : ¢chr [1:6] "1 1" "1 2" "2 1" "2 2" B
## .S r : num [1:6] 222222 : ]
## ..S serie : num 2 A
ik ..S seed : 1nt -751356955 & -
##  ..S kinds : chr "Super-Duper" E 2
#t .S : logi TRUE E s
4 @ ~—~—71 8 ~ Al N AwAN
Note not A/B testing!

¥ MONASH
@ University 27/37
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agricolae::design.split()
Split-plot design for r = 2 X 4 treatments with 2 replication for each treatment

trt1 <- c¢("I", "R"); trt2 <- LETTERS[1:4]
agricolae::design.split(trtl = trt1, trt2 = trt2, r = 2, design = "crd") %>%
glimpse()

## List of 2

## S parameters:List of 8

## ..S design : chr "split"

w8 : logi TRUE L2 2 AT

## ..$ trt1  : chr [1:2] "I" "R" -
#i#t ..S applied: chr "crd" a C
#  ..S$r ©num [1:2] 2 2 a D
## ..S serie : num 2 trt1

4 MONASH
@’ University 28/37
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KIRETELEDIE L (&

e BaseR7OY REBZXTEI N ? »base plot

« ) "named experimental design" functions (agricolae: :design.crd, etc.) are like "named statistical
graphic" functions (pie, barplot)

e . FZDIAvtETbH edibble R-package®H & TY
https://github.com/emitanaka/edibble

ZHIDTT
« tibble R-package & (& modern reimagining of the data. frame
o edibble & & experimental design tibble

O
@)
O
@)
@)
O
O

O00000O0
O@0000O0
O00000O0
O00000O0
O000000
O00000O0

&

Miiller & Wickham (2020) tibble: Simple Data Frames. R package version 3.0.3
& X541 KlE emitanaka.org/slides/TokyoR2021
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edibble ZAKMY A7

« Consider a field experiment with 32 plots library(edibble)
, start_design(name = "cochran.crd") %>%
e There are 7 different treatments set_units(plot = 32) %%
o Allocate treatments to plots set_trts(trt = c("F12", "F3", "F6", "0",

IIS12II, IIS3II, IIS6II)) 0/0>0/o
allocate_trts(~ plot) %>%

The result is a completely randomised design randomise_trts() %>%
serve_table()

Randomise treatments to plots

## # An edibble: 32 x 2

i plot trt

#i1 <unit(32)> <trt(7)>
## 1 plot1 F12

## 2 plot2 S6

## 3 plot3 F6

## 4 plot4 o)

## 5 plotb S6

4 MONASH
@ University 30/37

& X541 KlE emitanaka.org/slides/TokyoR2021


https://emitanaka.org/slides/TokyoR2021

edibble ZAKMY A7

« Consider a field experiment with 2 blocks each library(edibble)
with 16 plots start_design(name = "cochran.crd") %>%
set_units(block = c("B1", "B2"),
 There are 7 different treatments plot = nested_in(block, 16)) %>%

set_trts(trt = c("F12", "F3", "F6", "0",
"S12", "S3", "S6")) %>%
Randomise treatments to plots within blocks allocate_trts(~ plot) %>%

Allocate treatments to plots

randomise_trts() %>%
serve_table()

Resulting design is a randomised block design

## # An edibble: 32 x 3

BIDERATEE ESESHADDETH? e -
#it <unit(2)> <unit(32)> <trt(7)>
## 1 B1 plotT S6
## 2 BT plot2 S3
## 3 B1 plot3 F12
## 4 B1 plot4 Fo6

4 MONASH
@ University31/37
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edibble AZY bk « ANV F Vv —

start_design("complex unit structure") %>%
set_units(city = c("tokyo",

## # An edibble:

#H#
##
i
H##
##

4L

"nagano”,

school = nested_in(city,

serve_table()

s WO N =

city
<unit(5)>
tokyo
tokyo
tokyo

=alsura

11 x 2
school
<unit(11)>
school1
school?
school3

PN P L Y

& X541 KlE emitanaka.org/slides/TokyoR2021

Iltokyoll
IISydneyll

"sydney"”,

~y

e

~o

4
T
2

)

)
)) %>%

"melbourne”,

"washington"),

P4 MONASH
@ University 32/37
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edibble NU—=FXY N s AN I F¥—

des <- start_design(name = "Effective teaching") %>%

set_units(class = 4,

student = nested_in(class, 30)) %>%
set_trts(style = c("flipped"”, "traditional"),

exam = c("take-home", "open-book",

allocate_trts(style ~ class,
exam ~ student) %>%
randomise_trts()

print(serve_table(des), n = 120)

## # An edibble: 120 x 4

it
S
##

class student style
<unit(4)> <unit(120)> <trt(2)>
1 classT student’ flioped

& X541 KlE emitanaka.org/slides/TokyoR2021

exam
<trt(3)>
closed-book

"closed-book")) %>%

0 MONASH
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Recording variables in edibble « 508

out <-
record_vars(student

out

## # An edibble:

##
##
##
##
##

##
##t

des %>%

class

c(mark, gender),
teacher) %>%

expect_vars(mark = to_be_numeric(with_value(between

gender

serve_table()

Ja B WODN =

class
<unit(4)>
classi
classT
classi
classi

rTace1

120 x 7
student
<unit(120)>
studentT
student2
student3

student4
etiidanth

style
<trt(2)>
flipped
flipped
flipped

flipped
f14inned

& X541 KlE emitanaka.org/slides/TokyoR2021

to_be_factor(levels = c("female",

= c(0, 100))),
"male"”, "other",

exam mark gender teacher
<trt(3)> <rcrd> <rcrd> <rcrd>
closed-book m m ]
closed-book n n X
open-book m m X
open-book m m X
nnan-hnnk m m ¥

"unknown"))) %>%

4 MONASH
@ University 34/37
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edibble 7O R7Y b

export_design(out, file

"design.xlsx")

Home Insert Draw Page Layout Formulas Data Review  View
e = A A - g = O/ N ﬂ Conditional Formatting v @ v
|:| f@ v 0 % Format as Table v
Paste Font Alignment Number Cells
& ﬁ Cell Styles v
G9 : fx
A B © D E F G H
1 |.ro k class student style exam mark gender
2 1 classl student1 traditional | open-book
3 2 classl student2 traditional take-home
4 3 classl student3 traditional | closed-book
5 4 classl student4 traditional | take-home
6 5 classl student5 traditional | open-book
7/ 6 classl student6 traditional open-book
8 7 class1 student? traditional open-book
9 8 classl student8 traditional  closed-book I i
10 9 classl studentS  traditional take-home female
kil 10 classl student10 traditional open-book male
12 11 classl studentll traditional take-home
13 12 classl studentl2 traditional open-book other
14 13 classl student13 traditional take-home unknown
15 14 classl student14 traditional | closed-book
16 15 classl studentl5 traditional closed-book
17 16 classl studentl6 traditional closed-book
18 17 classl student17 traditional closed-book
19 18 classl student18 traditional open-book
Context Data.student Data.class Variables +

Home Insert Draw Page Layout Formulas Data Review  View
< X A . = O/ . & conditional Formatting v @ J
|:| E@ v 0 ﬁz Format as Table v
Paste Font Alignment Number Cells
4 [iZi cell styles v
Al : fx .rowNumber
A B C D E F G H
1 |.rawNumberI:Iass style teacher
2 1 classl traditional
3 2 class2 flipped
4 3 class3 traditional
5 4 class4 flipped
6
7
8
9
10
348
12
13
14
15
16
17
18
19
20
Context Data.student Data.class Variables +

& X541 KlE emitanaka.org/slides/TokyoR2021
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Tl

SRERETIE &

SE CY!

edibble D BRIEERRFTEIZAZICT B
& edibble.emitanaka.org

#z edibbleldFEAFTY

AXYVRNET 4 —RINy I Z8L

& X541 KlE emitanaka.org/slides/TokyoR2021
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4 VIONASH
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This slide is made using the xaringan R-package and found at
emitanaka.org/slides/TokyoR2021

Thank you!

Emi Tanaka

1t Department of Econometrics and Business Statistics,
Monash University, Melbourne, Australia

¥ emi.tanaka@monash.edu

¥ @statsgen
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