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R YRS SSE T ey p y e e e Ty [ e = ot bbb
| The Comprehensive R Archive Network .
Download and Install R
CRAN Precomjpiled binary distributions of the base system and contributed packages,
Moy Windows and Mac isers most Iikely want one of these versions of B
Whiat's irew? .
T = Download B for Linus
Ceardh » Downlond R for (Mac) 05 X
' E I EE - :!I
Abanr R
R Homepage Fr. i pant of many oo distribarions, vou should check wath vour Ly package
The B Joumal mn.unqzmmlr systen in addition fo the link above
Source Code for all Platforms
Saftwere
B Sonrces Windows and Mac users most likely want to downlead ihe precompabed binares listed
E Binares m fhe uppor box, not thie soirce code, The sonrces have to be compiled before vou can
Packnges s e 1F vou do not know what this means, vou probabiy do not want to do !
iy
* Thie latest selease (201 50416, Full of Ingredients) B=3 2 0t g7, read what's
Desconimireifentfon newy in the afest version.
Manunls
FAQs * Sources of B alplo md bets peleases (daily snapsliots, created caily m tnie
Coptpbuigd peniods before a planied release)
* [Druly smapshots of current patched and development versions are pemlable here.
Plewse read about pew fentines and bug Gxes before filing corresponding feature
requiests ar bug reports,
& Spurce code of older versions of B is available here.
+ Contnbuted extension packnges
;z-uutinnl About R
= 1 vou have quesnons abont B ke how o dowalond nad install the sefbware, or | -
o £
R <bdy)
>2 + 5

> sin(2*pi + 10)
> 4*%2 .4 + (246/3) * 10.5
>
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>b <- 5
identefier <a_yzal dad clacy alin) Juee LagdS <= ol = 50l
Aalall aie ghale) 5 L )35 a1l

Cilgadia el
dadia L)
>d=1c(3, 4, 5); d
> e = seqg(from =1, to = 3, by = 0.5); e
>f=rep( 7/ 6); f

il dugatall J) gall Gy

> length(d)
> max (d)
> min (d)
> mean (d)



>g<-c(2, 6, 7, 4, 5, 2, 9, 3, 6, 4, 3)
> gg <- sort(g, decreasing = TRUE); gg
> ggg <- sort(qg); ggg

cund 3 Al g Missing Values 82 s8ia ad (g ga 28 Cllal) (e <)
Ay AU () (J)sal) (e d Apliad) llaal) b cUad1 any

> a <- c(l, 2, 3, NA, 6)

Not Available 53584 5l 5 35 3 =i NA
> is.na(a)

[1] FALSE FALSE FALSE TRUE FALSE

52 sidal) adll JiE Y sl Qs

> mean (a)
[1] NA
> mean(a, na.rm = TRUE)

[1] 3

Gladad mean Al Jaad il g na.rm = TRUE Allall das LaaY

remove J3 sl Cadal 2 rm 33 8kl axall Cadagy

summary 41

> summary (a)
Min. 1st Qu. Median Mean 3rd Qu. Max.
NA's
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1.00 1.75 2.50 3.00 3.75 6.00

: aat A1l 24
@ 1 Qu dsY) M (2) Minimum ¢ _rall 4l (1)
first quantile

3™ Qu L an I (5) damsiall (4)  da sl (3)

NA’s 3388l aidll 22e (7)  Maximum «bal) 4l (6)

il ghiaa £ L)

> mat <- matrix (10:15, nrow = 3, ncol = 2)

> mat

[,11 [,2]
[1,] 10 13
[2,]1 11 14
[3,1] 12 15

J2al Leea sincol 4aall 33 Hhul) ae Jaal Allal) 4x 68 prow 4aal)
2 sl sae
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> mat + mat
[,11 [,2]
(1,1 20 26
[2,] 22 28
[3,1 24 30

> t(mat)

[,11 [,2]
(1,1 10 11
[2,] 13 14

> dim(mat)
[1] 3 2

> mat * mat
[,11 [,2]
[1,] 100 169
[2,] 121 196
[3,] 144 225

[,3]
12
15

il shuaall Badall J) gal) (an

48 siaall transpose J ghis

43 giuaa oyl

il ghiaall o pua
pairy palis G pall
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> mat %*% t(mat)

[,11 [,21 [,3]

[1,] 269 292
[2,] 292 317
[3,] 315 342

> mat[1l,2]
[1] 13

> mat[ ,2]
[1] 13 14 15

> mat[1l, ]
[1] 10 13

> mat[c(1,3), 2]
[1] 13 15

> d <- seq (1 ,10

315
342
369

,12)

Yo % (paiall oyl

ZA}L‘UJ\¢M‘)u;¢.j\ag5_tp§J&uy

P ISV P P

Js¥) 2 seall gl yin)

2 3502ll (03 5] ualiall s yiu

Ci@elaépcb&g&uaagtdd)
rbind 44
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> d
[1] 1 3 5 7 9
> matl <-rbind (d,d)

> matl
[,11 [,21 [,31 [,41 [,5]
d 1 3 5 7 9
1 3 5 7 9
>

cbhind 4

> mat2 <-cbind (d,d)
> mat2

[1,1
[2,]
[3,]
[4,]
[5,1
> mat3 <- matrix(c(l, 2), 3, 2, byrow = TRUE)

O 4 U0 W Kk Q
O 4 U0 W Kk Q

> mat3

[,11 [,2]
[1,] 1 2
[2,1] 1 2
[3,1 1 2
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Datasets <bull 2alaa

read.table() aall AR o Y] (e Sl Jo il

> stock.data <-

read. table ("http://www.google.com/finance/historica

1?q=NASDAQ:AAPL&output=csv", header=TRUE,

>

> head(stock.data)

i..Date
15-May-15
14-May-15
13-May-15
12-May-15
11-May-15

o U1 b W DN R

8-May-15

Open
129.07
127.41
126.15
125.60
127.39
126.68

High
129.49
128.95
127.19
126.88
127.56
127.62

Low
128.21
127.16
125.87
124.82
125.62
126.11

Close
128.77
128.95
126.01
125.86
126.32
127.62

sep=", ")

Volume
38208034
45203456
34694235
48160032
42035757
55550382

5 bl e J5Y) laud) o) 328 TRUE oS 13) header ULl

Ol yazial) e Lo

:Cﬂjég\Cﬂd}jcbﬁcjaaﬂ\a#gSJ;;ﬁSep\J+iﬂ
Jeal 8 commas ey Jaal i) ) 23sy gep = )7

. tab panal Lein bl o) aass sep = “\t”

. space <l 8 Lein bl gep = « ¢
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& aladiaY) A geud stock.data ULl v ) UEAS (o g ;ddaaDla

Al ALay)
s <- stock.data
> colnames (s)
[1] "i..Date" "Open" "High" "Low" "Close"
"Volume™“
> s$Open

[1] 129.07 127.41 126.15 125.60 127.39 126.68

> s[["High"]]

[1] 129.49 128.95 127.19 126.88 127.56 127.62

> x = "Low"
> s[[x]]

[1] 128.21 127.16 125.87 124.82 125.62 126.11
> s[ ,1]
[1] 15-May-15 14-May-15 13-May-15 12-May-15 11-May-
15 8-May-15
> s[2, 1]
i..Date Open High Low Close Volume
2 14-May-15 127.41 128.95 127.16 128.95 45203456
> s[3, 3:5]
High Low Close
3 127.19 125.87 126.01

> class(s)

[1] "data.frame"

data.frame 7y jUa)¢ & 4l
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Lists ail si!)
Jie 4y jlia) cilid o) S aveaty e Cilgaia 4
> (1 = 1ist(a = ¢(TRUE, FALSE), b = matrix(1:4, 2,
2) , "hello"))

Sa
[1] TRUE FALSE
$b

[,11 [,2]
[1,] 1 3
[2,1] 2 4
[[3]1]
[1] "hello"
> 1l$%a

[1] TRUE FALSE
> 1[["b"]]

[,11 [,2]
[1,1]1 1 3
[2,] 2 4
> 1[[3]]
[1] "hello"
> class (1)
[1] "list"

names() 44

>a=-c(l, 2, 3, 4)

17



> a

[1] 1 2 3 4

> names(a) = c("w", "x", "y",
> a

W XY Z

1234

> b = matrix(1:4, 2, 2)

> Db

[,11 [,2]
[1,] 1 3
[2,] 2 4
> colnames(b) = c("x", "y")
> b
XYy
[1,]1 1 3
[2,] 2 4
> rownames (b) = c("m", "n")
> b
Xy
m1l3
n2 4
> b[ , "x"]
m n
12
b["n", ]

18
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Defining Functions J) sl i s
gA‘;ﬂﬁjkeywvonjayﬂﬁmﬂamﬁﬂ\AJ&l@qf(gggﬁjﬂ\;@)ﬁ
: U function

> square = function(x) { return(x*2)}
> square (5)

[1] 25

> square(1l:5)

[1] 1 4 9 16 25

> cube = function(x) x”*3
> cube (2)

[1] 8

> cube (1:5)

[1] 1 8 27 64 125

DI e diay Gy pail) GIS13) ) G Al Gy i e Adle 1ddaadle
EEN RS W

Defining Default Values for Arguments dul | ad iy g

> pow = function(x, y = 2) x’y
> pow (2)
[1] 4

19



> pow (2, 4)

[1] 16

> pow(y= 4,2)

[1] 16

> pow(y =3, x = 3)

[1] 27
(..0) Al dian dopdal ) b iy 25
> mini.summary = function(...) {

+ n=c(...)

+ return(list(mean = mean(n), median = median(n)))
+ }

> mini.summary(l, 2, 2, 3)

Smean

[1] 2

Smedian

[1] 2

Ay i QS &l oY) s Jaadl ) e AVall 4+ _Lad R o LaaY

> test = function(x, y, ...) {

+ dots = paste(c(...), collapse = " ")

+ print(paste("x=",x," y=",y," ...=",dots,sep =
"))

+ )

> test(l, 2, 3, 4, 5, 6, 1)

20



[1] "x=1 y=2 ...=3 4 5 6 7"
> test(1l, 2, 3, 4)

[1] "x=1 y=2 ...=3 4"

> test(1l, 2, 3)

[1] "x=1 y=2 ...=3"

> test2 = function(x, ...) {
1l = 1list(...)
n = names (1)
for (i in n[n '= ""]) {
cat (paste(i, "=", 1[i]), "\n")
}
}
test2(1, 2, z = 3, y = 4)
=3

V + + + + + +

y =4
> test2(1l, 2, mean = 3)

mean = 3

21



Flow Control and Loops </_gd) 5 zalinl) jaw A aSadl)

if ...else

even.odd = function(x) {
if ('is.numeric(x)) {
print ("neither") }

else if (x%%2 == 0) {

else {
print("odd")
}oo}
even.odd (3)
[1] "odd"

>
+
+
+
+ print("even") }
+
+
+
>

> even.odd (4)
[1] "even"
> even.odd ("A")

[1] "neither"

for

> for (x in 1:3) {
+ print(x)

+ }

[1] 1

[1] 2

22



[1] 3

> for (x in c("hello", "goodbye")) {
+ print(x)

+ }

[1] "hello"

[1] "goodbye"

> m = matrix(l:4, nrow = 2, ncol = 2)
> for (x in m) print(x)

[1] 1

[1] 2

[1] 3

[1] 4

> d = data.frame(a = ¢(1, 2), b = "A")
> for (x in d) print(x)

[1] 1 2

[1] A A

Levels: A

> 1 = l1list(a = c¢c(1, 2), b = c("A"))
> for (x in d) print(x)

[1] 1 2

[1] A A

Levels: A

while

23



while (x < 3) {

>

+ print(x)
+ x=x+1
+

apply functions

oUaza 2 (32ka3 Al 5 apply functions 7@ J) g2 (x dile 2a ¢
& sl (5S35 J)sall o2 Al AL o) 4d giadl gl daidl jualic JS e

apply (x, margin, fun, ...)
cAlia)

> (x = matrix(1:9, 3, byrow = T))
[,11 [,2] [,3]

[1,] 1 2 3
[2,] 4 5 6
[3,] 7 8 9

> apply(x,1, mean)

[1] 2 5 8

> apply(x, 2, function(x) sum(x)/length(x))
[1] 4 5 6

> colnames (s)

24



[1] "i..Date" "Open" "High" "Low"
"Volume"
> sapply(s[ ,3:4], mean)
High Low
110.1875 108.2011
> sapply(s[ ,3:4], sd)
High Low
13.39210 13.06608

"Close"

lae ga B (e clibal) o) i)

R 4 Jax (53) alaal) 4 jadl

> getwd()

il e 3355 ) dadL R LS

> setwd("C:/Users/amb/Desktop/R python course")

> getwd()

[1] "C:/Users/amb/Desktop/R python course"

> h2 <- read.table("C:Users/amb/Desktop/R python

course/hsb2.csv")

e sl alaa g) e alall JLEAY ) sa 334U =38 file.choose A1l

> h2 <- file.choose()

25
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R L!‘& 84\99\_9.43\ QU\*\M @\.\Sﬂu!

ALiaY! 3 Lgalanin daulio b 88 by aadas 2l aiaa s R g S
2ond) SR Jeal o sill (m jal aa g5 il 5 <)
library() Aall 35k Ge R (4 Y5l Lebaad ds o (ol iy alasiny
7

> library ( alr3 )
Ao jall oda e Al A ULl Lo Baalie sk

> data (package = "alr3")
a2 ATl ddal) 830 ga gal) UL S elend Baalial

> data()

> data (UN2)

> head (UN2)

logPPgdp logFertility Purban
Afghanistan 6.614710 2.7655347 22
Albania 10.363040 1.1890338 43
Algeria 10.800900 1.4854268 58
Angola 9.529431 2.8479969 35
Argentina 12.806348 1.2868811 88
Armenia 9.424166 0.2016339 67

attach() Al aadics il ae Jaal) die il ppaiall elaw aladiny

26



> attach (UN2)
> names (UN2)
[1] "logPPgdp" "logFertility" "Purban"
> ?UN2
> Description
National health, welfare, and education statistics
for 193 places, mostly UN members, but also other
areas like Hong Kong that are not independent
countries.

Baaa ddiu (30 bl (e elgiiY) an
> UN2.copy <- UN2

detach() Al Jeall dds e J) 33

> detach (UN2)

QU\,\,\J\ uaaln

&
—

summary() 4

> summary (UN2)
logPPgdp logFertility Purban
Min. : 6.492 Min. :0.0000 Min. : 6.00

1st Qu.: 8.867 1st Qu.:0.9184 1st Qu.: 35.00
Median :10.920 Median :1.4114 Median : 57.00
Mean :10.993 Mean :1.4687 Mean : 55.54
3rd Qu.:12.938 3rd Qu.:2.0909 3rd Qu.: 75.00
Max. :15.444 Max. :3.0000 Max. :100.00

27



> mean (UN2$logPPgdp)

[1] 10.99309

> mean (UN2SlogFertility)
[1] 1.468687

> mean (UN2$Purban)

[1] 55.53886

> cor(UN2 [ ,1:2])

logPPgdp logFertility
logPPgdp 1.000000 -0.677604
logFertility -0.677604 1.000000

dagf )

R = Jedil)

AN & jad) addiid o g

A dgilan) o s (e il 45 81 Foreign (1

(JusS) g g Sa iy 23 3l xS (2

LUl 3 1Yy dplyr (3

Lay) clilad) 3 ,)5Y reshape?2 (4

335l dle Sl s, goplot2 (5

DS a gy Gl giima s ) GGally (6

28



Al Gaeadiiie Y o) Ll s R (A packages gl plasiny

> install.

packages

& mirrors L) s sl ) CRAN (e 4ajall oy a5 ) g

install
install
install
install
install

install

vV V. V V V VvV VvV

install

o e "
. “e . ‘ 3

.packages (“foreign”)
.packages (“"'xlsx")
.packages (“dplyr”)
.packages (‘'reshape2”)
.packages (“ggplot2”)
.packages (“"GGally"”)

.packages (“'ved”)

i R (8 Laila 83 g s Qi Lt g Leby 35 ay ) a2 3l s 4030k

Ll ) oy

R oauis) R Glads aal 8 Lo da ja aladiny dalall ie

3 library J)sall (peadivee 4 jall Jass O sy (Session

require

> library (foreign)

> library (xlsx)

> library (dplyr)

etc

29



sessionInfo() 1Al aasins Al & jal) 5 laal) 48l

> sessionInfo()
R version 3.2.0 (2015-04-16)
Platform: i386-w64-mingw32/i386 (32-bit)

Running under: Windows 8 x64 (build 9200)

locale:

[1] LC_COLLATE=English United States.1252
[2] LC_CTYPE=English United States.1252
[3] LC_MONETARY=English United States.1252
[4] LC_NUMERIC=C

[5] LC_TIME=English United States.1252

attached base packages:

[1] stats graphics grDevices utils

datasets methods base
loaded via a namespace (and not attached):

[1] shiny 0.11.1.9004 R6_2.0.1
htmltools 0.2.6 Recpp 0.11.5

[5] digest 0.6.8 xtable 1.7-4
httpuv_1.3.2 mime 0.3

30



R 4o

Command ! s¥) b aladiclh R JIsa 5 el 5 Jli) oSy
) oSa 53 5 script oxex U=l ik o ) Line (CL)
source Allall e\ail».u}_j s JAl

(newline or s lad JAsb ol ; o L daail) (Kay sl 5
enter)
case sensitive —sall Alal s R o) BaaY
Al 5l e g gas landl muea o) ind # Aedlal)
Jie Al ala) 2 dadle aia e R J) sl help files 32e bl ilila
> ?require

Jie 77 22500 R ol ) maen A sl

> ??logistic
s ) Sl didat e ila jaal) g lilnll (e JSR A3
objects LS & (24 JS ddial)

s <~ (operator) Jleall alasioly CUES 8 Jada g aia oLadY!

[s() AL A jlal) Andall b LSl JS Aald 3aalie (Sa

> 1s()

31



[1] "expl functions" "pkgs" "r local"
"r path" "r sessions"

"withMathJaxIP"

>

Entering Data <Ulul) JWi.a)
J<G e 45 334 Datasets by Gile gane ae Jew SR Jend
Lgie o A pata oSS Wlle ‘;ﬁ\_gtex‘[ files drai cilala

:Jie spaces kel i gl tabs —awials delimited

gender id race ses schtyp prgtype read write

math science socst

0 70 4 1 1 general 57 52 41 47 57
1 121 4 2 1 vocati 68 59 53 63 31
0 86 4 3 1 general 44 33 54 58 31

0 141 4 3 1 vocati 63 44 47 53 56

commas separated values (CSV) (,) desSlL A siaic ad

gender,id,race,ses,schtyp,prgtype,read,write,ma

th,science,socst
0,70,4,1,1,general,57,52,41,47,57
1,121,4,2,1,vocati,68,59,53,63,61

0,86,4,3,1,general , 44,33,54,58,31
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0,141,4,3,1,vocati, 63,44,47,53,56

: R gl J1 g8 iy 41

read. table
read.csv
U delimited dagite dpai cilile 8 45 jaa iy L) iy o 58
1 SN JUall 4 (sep = option Al daa Laal )
# comma separated values

> dat.csv <-
read.csv("http://www.ats.ucla.edu/stat/data/hsb

2.csv")
# tab separated values

> dat.tab <-
read. table ("http://www.ats.ucla.edu/stat/data/h
sb2. txt",

header=TRUE, sep = "\t")
Oe AL ALY 8 bl aa i Ll e ae il 43) JaaY
e A A clile 40 3l sale aadiud J)sall oda o)) ) < iy
Llae Sleall
5 SAS Jis Al dlian) aja (Ge by aelae 48 LiSay LS
:Jie foreign 4w sl 383 g2 gall J)gall alasinly SPSS
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> require (foreign)
# SPSS files

> dat.spss <-
read.spss ("http://www.ats.ucla.edu/stat/data/hs

b2 .sav",
to.data.frame=TRUE)
# Stata files

> dat.dta <-
read.dta ("http://www.ats.ucla.edu/stat/data/hsb
2.dta")

Excel cilils 43 3

Excel duS) i clasaS Llle o 3a8 clibal) aualase (a0

Gy Ae gane By 58 java s xIsx 4w jall a2d%u (o g Spreadsheets
JusS) (e

# these two steps only needed to read excel files
# from the internet
> £ <- tempfile("hsb2", fileext=".xls")

>
download.file ("http://www.ats.ucla.edu/stat/data/hs
b2.x1s", £, mode="wb")

> dat.xls <- read.xlsx(f, sheetIndex=1)
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Glld) ol
o el Gl e e Bae Baalie Jia (5 sk baay L) 3aalia oSy
el e

> head(dat.xls)

id female race ses schtyp prog read write math science

socst

1 70 0] 4 1 1 1 57 52 41 47 57
2 121 1 4 2 1 3 68 59 53 63 61
3 86 0 4 3 1 1 44 33 54 58 31
4 141 0] 4 3 1 3 63 44 47 53 56
5 172 0] 4 2 1 2 47 52 57 53 61
6 113 0] 4 2 1 2 44 52 51 63 61

> tail (dat.xls)

id female race ses schtyp prog read write math science

socst

195 179 1 4 2 2 2 47 65 60 50 56
196 31 1 2 2 2 1 55 59 52 42 56
197 145 1 4 2 1 3 42 46 38 36 46
198 187 1 4 2 2 1 57 41 57 55 52
199 118 1 4 2 1 1 55 62 58 58 61
200 137 1 4 3 1 2 63 65 65 53 61
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> colnames (dat.xls)

&) yaitall elaw) 43 jaa

[1] mw id" "female" 1] race" n ses"
"schtyp" "prog" 11] read" "write n "math"
" - "
science
[11] "socst"
>
. L
view Al
> view(dat.xls)
R Data: datxls (=] OS]
id female |race ses schtyp |(prog read write |math science |Socst ~
1 |70 0 4 1 1 1 57 52 41 47 57
2 |1z21 1 4 2 1 3 8 59 53 63 61
3 |86 0 4 3 1 1 44 33 54 g 31
4 (141 0 4 3 1 3 63 44 47 53 56
5 |172 0 4 2 1 2 47 52 57 53 61
6 |113 0 4 2 1 2 44 52 51 63 61
7 |50 0 3 2 1 1 50 58 42 53 el
8 |11 0 1 2 1 2 34 48 45 39 38
5 |84 0 4 2 1 1 683 57 54 8 51
10 (48 0 3 2 1 2 57 55 52 50 51
11 (75 Q 4 2 1 3 &0 48 51 53 6l
12 (&0 o] 4 2 1 2 57 65 51 63 6l
13 (95 o] 4 3 1 2 T3 60 71 61 71
14 (104 0 4 3 1 2 54 63 57 55 48
15 g 0 3 1 1 2 45 57 50 31 =13
16 (115 0 4 1 1 1 42 49 43 50 56
17 |76 0 4 3 1 2 47 52 51 50 56
8 [185 0 4 2 2 1 57 57 60 8 56
19 (114 0 4 3 1 2 68 85 62 55 61
W
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Data Frames <tla)

data <l JUalS e iai Llle a5 R (8 bl analae 430 8 2a
Gl il g o siaS Cilaaliad) i | 8 san JSG W A g frame
BaeclS (Ltia g) Lipiaill o) 4panall

A J s sl Sy cilily ) b 3 il 3aac ) 5l ) shad) o LDIAY)

Laladi W yedl (a5 indexing sedlill (e 3k bany
object[row,column]
Bas) g als Jia
> dat.xl1ls[2, 3]

[1] 4

>

3 2gendl Sl Dad ) IS asy sl ded Juely
> dat.x1ls[, 3]

[1] 4 4 4 4 4 431434444344 144141414:
1134442 444444441 4444344321414
12

[52] 41 4 41 4141444444444 1 441414
414441 44414444442 4414441414
4 4
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[103] 34 44 443441441 44443141414S3
4 42 4342444443131 4414444133
4 4

[154] 1 4 4 4 4 4 3 4 44 4444444413234
4 4 4 444442242 4431444242444:4

>
2 Allall DUiad saec W) IS axy 5 ganl) Jlie)
> dat.x1ls[2,]

id female race ses schtyp prog read write math

science socst

2 121 1 4 2 1 3 68 59 53
63 61

>
3 5252eY) 53 32 skl dia range Jiaal
> dat.x1s[2:3,2:3]

female race

2 1 4
3 0 4
>

A2l L) agilan alasinly 3 pilie i yaaiall J gaa gl LiiSay LS

object[ , “wvariable’]
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object$variable

axii female il (e 10 ) bV e J sanll Midd
> dat.x1s[1:10,"female"]
[1] 01 0000O0O0OO0O
> > dat.xls$female[1:10]
[1] 01 0000O0O0OO0DO

>

¢ Al

«;hgﬁhiggJ;[g&33Cﬂ5&ﬁéfbjljﬁsﬂgéu[9diigﬁﬁduﬁcaﬂﬂ\
Jie iy ol (g0 520e ) 5 o) (e Anilile 38w gmad (e Dliad
> dat.xls[c(1,3,5),1]
[1] 70 86 172
> dat.x1ls[1l,c("female", "prog", "socst'")]

female prog socst

1 0 1 57
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GL\_U.M‘ QLAMi
Adlal) andie elaw) st a5 ol @l e eland @llia (S a1 13

Jis colnames

> colnames (dat.xls) <- c("ID", "Sex", "Ethnicity",
"SES", "SchoolType'",

+ "Program'", "Reading", "Writing", "Math",

"Science", "SocialStudies'")
> dat.x1ls[1,]

ID Sex Ethnicity SES SchoolType Program Reading

Writing Math Science SocialStudies

170 0 4 1 1 1 57
52 41 47 57

>

) g e s el
> colnames (dat.xls) [1] <- "ID2"
>
Glild) Jada
9 xlsx JuS) g text ol Lo dnall (e aae & ULl dads WiSay
& STATA 5 SPSS 5SAS Jis ddbasl) a jall canlia J<G&

xIsx s foreign s> (= write.dta s write.xlsx 4llall aladiuly
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> write.csv(dat.csv, file =

path/to/save/filename.csv")

> write.table(dat.csv, file =

"path/to/save/filename.txt", sep = "\t", na=".")

> write.dta(dat.csv, file =

"path/to/save/filename.dta")

> write.xlsx(dat.csv, file =

"path/to/save/filename.xlsx", sheetName="hsb2")
s;;(;)ssu;n,a+¢g\h¢.uﬂﬁm)}(_gbyﬂscjaiugguugg\xﬁaj
CJJ%A\QALKS&T

> save(dat.csv, dat.dta, dat.spss, dat.txt, file =
"path/to/save/filename.RData")

Exploring Data <Ubyl) Gilisio)

) d 4essi object (S (8 L 3335 lilul) (amy 431 580 (Y a 580 o g
(LS Al s 3 yauad elans) addiios Co g

sl dae ) Gl juiall g gt iy Ao o jatli g CalSiuG (8 g
(Adda 5 s 200 222! Demography 4:i€u il glaa 5 L3
fadla (e Leale Janti s 3asiall CUY S e Ll o3 aa

AELPPLAILS
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d <-

read.csv("http://www.ats.ucla.edu/stat/data/hsb2.cs

v")

) priall dae (JLM‘X\) Glaalial dae Lo L"_,_"d\j dim 4l PREIY
(32ac Y1)
class g s 4laiia d bl structure <S5 Lidaad Al sty addiod
=wiall K (type)

> dim(d)

[1] 200

> str(d)

'data.frame':

$ id

$ female
$ race

$ ses

$ schtyp
$ prog

$ read

$ write

$ math

int

int

int

int

int

int

int

int

int

200 obs.

70 121 86 141 172 113 50 11 84 48

010

123
111

57 68

52 59

41 53

00O

44 63
33 44

54 47

42

RN
RN
RN

47 44

52 52

57 51

of 11 wvariables:

2

50 34 63 57

59 46 57 55

42 45 54 52



$ science: int 47 63 58 53 53 63 53 39 58 50
$ socst : int 57 61 31 56 61 61 61 36 51 51 ...

>

(e )51l Bae il generic function 4le Ala 4 s summary 41
Sl asalae L Ly R s

> summary (d)

id female race

Min. : 1.00 Min. :0.000 Min. :1.00
1st Qu.: 50.75 1zt Qu.:0.000 1zt Qu.:3.00
Median :100.50 Median :1.000 Median :4.00
Mean :100.50 Mean :0.545 Mean :3.43
3rd Qu.:150.25 3rd Qu.:1.000 3rd Qu.:4.00
Max. :200.00 Max. :1.000 Max. :4.00

=es schtyp prog
Min. :1.000 Min. :1.00 Min. :1.000
1=t Qu.:2.000 1st Qu.:1.00 1st Qu.:2.000
Median :2.000 Median :1.00 Median :2.000
Mean :2.0585 Mean :1.16 Mean 1 2.025
3rd Qu.:3.000 3rd Qu.:1.00 3rd Qu.:2.250
Max. :3.000 Max. :2.00 Max. :3.000

read write math
Min. :28.00 Min. :31.00 Min. :33.00

l=t Qu.:44.00 1=t Qu.:45.75 1=t Qu.:45.00
Median ::50.00 Median :54.00 Median :52.00

Mean t52 .23 Mean 52,77 Mean 1 52.685
3rd Qu.:60.00 3rd Qu.:60.00 3rd Qu.:59.00
Max. t TR .00 Max. ta7.00 Max. :75.00
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Conditional Summaries (b <) paAlill

3 ilie et Alla daii G nested functions 4alaie J)su R g
:Jie Al A argument AxaS

> summary (subset(d, read >= 60))
JS) read >= 60 il Cus Gl de geas aa i sybset Allall La
AN 558 o5 (5,80 8 ST 60 Amps Je | shoan (il S
Al de saadll o8 pandlly summary
Jio aas HIS (A 40 jall drasdll i g (S ddaaDl

> dd <- subset( d , read >= 60)

> summary (dd)
bl Bied adae (A lgrada 5 e (5 a0 (3 sk ULl Jaad LiSa
oediall) prog el (e g 53 JS3 581 (5) Luedd) | i) il gial
.(program

53 g2 sall @l yxiall colMeans Al (guki S by Adlall Jlast (i gu Ui
draniall ol el il e s o (g 11 G 7 0 Bee Y1
prog i) ddau 5

> by(d [ , 7:11], d$Sprog, colMeans)
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dS$prog: 1

read write math science socst
49 .,75556 51.33333 50.02222 52.44444 50.60000
d$Sprog: 2

read write math science socst
56.16190 56.25714 56.73333 53.80000 56.69524
d$prog: 3

read write math science socst

46.20 46.76 46.42 47 .22 45.02

Histogram ¢SS 7 yaal)

SV S z a5 an,ll Gk Ge el g 58 pand Jedl e Le
iad a ) 5ill 13 (s paie o B e

> library (ggplot2)

> ggplot(d , aes(x = write)) + geom histogram()

45



257

20—

€
3
Q
o

10~

5-
0- I I

| | | | |
30 40 50 60 70

write

Boxplots (gbal) Cile guy
5tV 5 B G ol g Jages gl gy JS i Gaaliall e s

Sl
> ggplot(d, aes(x

1, y math)) + geom boxplot()
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70~

60—

math

50~

40-

Categorical Data 4w gl clilull
LS gl At dan) i) ey g8 ) il podaios

frequency tables
> xtabs( ~ female, data = d)
female
0 1
91 109
> xtabs( ~ race, data = d)

race
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1 2 3 4
24 11 20 145

> xtabs( ~ prog, data = d)

prog
1 2 3
45 105 50

Two-way Cross tabs 4t Jglasd)

> xtabs( ~ ses + schtyp, data = d)
schtyp
ses 1 2
1 45 2
2 76 19

3 47 11

Three-way Cross tabs 455 J glaad)

> (tab3 <- xtabs( ~ ses + prog + schtyp, data = d))

, » schtyp =1
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prog
ses 1 2 3
1 14 19 12
2 17 30 29

3 8 32 7
, , schtyp = 2

prog

1 2 0 O
2 314 2
3 110 O

Visualizing Cat Data 4 ol ciliLul) 3.8 Lk

Al alasinly Qi e Aaluey 551 S5 Jsan 8 4l UK i Uiy
ved 4e sl (e mosaic

> library (vecd)

Loading required package: grid

> mosaic (tab3)
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prog

b

n_B_._om

¢

Sas
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Correlations & 3

Gb et R Aeda Jal il enst Alanly (a5 0 jaiie (pn A3)

Correlation Lol yill cild shian Lgia (g yvia G 48Nl uldl 3 500

PREVE NPT Al cEMal) o2 e adla :";Ln_s" ‘;’J\ 9 Matrices
ad 35 g are Al d default arguments 4xsl y8) zas ae cor Al

Gl 3l aa 63 ; UK yse Anall adii YY) s missing values 32 séia

> cor(d[

read

write

math

1

14

7:11])

read

.0000000

0.

0.

science 0.

socst

0.

5967765

6622801

6301579

6214843

11 a7 saeeN (8 ol juiiall G A

write

.5967765

.0000000

.6174493

.5704416

.6047932

> library (GGally)

> ggpairs(d[ ,

7:11])

math
.6622801
.6174493
.0000000
.6307332

.5444803

51

science

.6301579

.5704416

.6307332

.0000000

.4651060

socst

.6214843

.6047932

.5444803

.4651060

.0000000



0~ Corr: Corr: Corr; Corr:
““jg: 0.597 0.662 0.63 0.621
30—
60~ o : ¢
I 4 . Corr: Corr: Corr:
R > AL 0.617 0.57 0.605
w0 Feout
] .'0 OJ
70 % =
£0° s?‘. +—+ Corr; Corr:
£50 - ' Rs
R Py ::é s 0.631 0.544
Corr:
0.465

o SEA I ot SRR SasERe oG SR
ol .‘i‘:‘r sxaane
30~ ?“0.“ * " - & * * &

30 40@%60 7‘0 3‘0 Al‘q,vﬁ‘ib Gb 46 ﬁéaﬁ? 7‘0 3‘0 éélé‘hé@ 7‘0 3‘0 4@0‘&9‘0 7‘0

Modifying Data <Ubul) Jisas

Ao gana | 8 o g UL s i8ale] 5 Jaaat Y Gl aiesd i g
d 2l gl AN 8 Lgi a0 5 Baaa iy

> d <-

read.csv("http://www.ats.ucla.edu/stat/data/hsb2.cs

v" )
. dplyr 458 (e arrange A (rerdiivee i) oy o)) apkaiog
& b & math wiall &5 female sl Guus S 8 55 o g
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> library (dplyr)

>

> d <- arrange(d, female, math)

> head (d)

id female race ses schtyp prog read write math science

socst

1 167 0 4
2 128 0 4
3 49 0 3
4 22 0] 1
5 134 0 4
6 117 0] 4

53

63

39

50

42

44

34

49

33

40

39

44

49

35

38

39

39

39

39

66

47

49

56

34

42

41

41

47

46

46
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Analyzing Data <Ulul) Julas
Analyzing Cat Data 4dua gl clibnl) Judas oY

doda ol bl Judadl 3 k) sl chisq.test s\S a2 e JLEA) aadfiy
;gﬂms

chisq.test s\S a2 o JL4)

SOV S J s (L Y )
> (tab <- xtabs(~ ses + schtyp, data = d))
> chisqg.test (tab)
Pearson's Chi-squared test
data: tab

X-squared = 6.3342, df = 2, p-value = 0.04213

t-tests & <) LEd)
o JHEA) G ppiud Cage L (o gle 43 el ttest (o LA addiey
550 4l e write Law 53 43 8 one sample t-test sas) g Aial

o gie 45 54l paired samples t-test limdl (e 5 3 (5 LA
read s write (n_sial)

> t.test(dSwrite, mu = 50)
One Sample t-test

data: dSwrite
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t = 4.1403, df = 199, p-value = 5.121e-05

alternative hypothesis: true mean is not equal to

50

95 percent confidence interval:
51.45332 54.09668

sample estimates:

mean of x

52.775
> with(d, t.test(write, read, paired = TRUE))

Paired t-test
data: write and read
t =0.86731, df = 199, p-value = 0.3868

alternative hypothesis: true difference in means is

not equal to O

95 percent confidence interval:
-0.6941424 1.7841424

sample estimates:

mean of the differences

0.545
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Ay Y 5 SAl G write _iial) Cildass sie 45 jlde LiSay Liay]
(ma siie independent sample t-test Alsiuall il 5 LSs)
Ol s sl axe ol equal variance ol (s s
> t.test(write ~ female, data = d, var.equal=TRUE)
Two Sample t-test
data: write by female
t = -3.7341, df = 198, p-value = 0.0002463

alternative hypothesis: true difference in means is

not equal to O
95 percent confidence interval:
-7.441835 -2.298059
sample estimates:
mean in group 0 mean in group 1
50.12088 54.99083
> t.test(write ~ female, data = d)
Welch Two Sample t-test
data: write by female
t = -3.6564, df = 169.71, p-value = 0.0003409

alternative hypothesis: true difference in means is

not equal to O

95 percent confidence interval:
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-7.499159 -2.240734

sample estimates:

mean in group 0 mean in group 1

50.12088

54.99083

ANOVA and Regression ! g ¢pball Jolas

Im Al aadied jlassy) g ol Julal

> m <- Im(write ~ prog * female, data =

> anova (m)

Analysis of Variance Table

Response: write

Df
prog 1
* %
female 1

* %%

prog:female 1

Residuals 196

Sum Sq Mean

586.4

1182.9

154.3

15955.2

586.

1182.

154.

81.

57

Sq F value

42 7.2039
90 14.5312
32 1.8958
40

d)

Pr (>F)

0.0078971

0.0001845

0.1701223



Signif. codes: 0 ‘'***/ (0_001 ‘**’ 0.01 ‘*’ 0.05
‘.o 0.1 " 1

> summary (m)
Call:
Im(formula = write ~ prog * female, data = d)
Residuals:

Min 19 Median 3Q Max
-23.079 -6.835 1.794 6.973 16.794
Coefficients:

Estimate Std. Error t wvalue Pr(>|t]|)

(Intercept) 57.9520 2.9096 19.917 <2e-16

* %k

prog -3.8730 1.3609 -2.846 0.0049 **
female -0.2943 3.9730 -0.074 0.9410
prog:female 2.5577 1.8576 1.377 0.1701

Signif. codes: 0 ‘'***/ (0_001 ‘**’/ 0.01 ‘*’ 0.05
‘.o 0.1 " 1

Residual standard error: 9.022 on 196 degrees of

freedom

Multiple R-squared: 0.1076, Adjusted R-squared:
0.09393
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F-statistic: 7.877 on 3 and 196 DF, p-value:
5.469e-05

> m2 <- lm(write ~ prog + female + read, data = d)
> m2
Call:

Im(formula = write ~ prog + female + read, data =

d)

Coefficients:
(Intercept) prog female read
23.7154 -1.3933 5.4808 0.5532

> summary (m2)
Call:

Im(formula = write ~ prog + female + read, data =

d)
Residuals:

Min 10 Median 30 Max
-18.3357 -4.9757 0.1172 4.9652 15.0705
Coefficients:

Estimate Std. Error t wvalue Pr(>|t]|)
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(Intercept) 23.71544

* %%

prog -1.39331
female 5.48080
* % %

read 0.55321
* %

Signif. codes: O

‘.o 0.1 v 1

Residual standard error:

freedom

Multiple R-squared:
0.4411

F-statistic:

2.2e-16

Vhkk/

3.26268

0.73422

1.00764

0.04951

0.001

kK’

7.269

-1.898

5.439

11.173

0.01

8.43e-12

0.0592

1.58e-07

< 2e-16

‘¥ 0.05

7.086 on 196 degrees of

0.4495,

53.35 on 3 and 196 DF,

60

Adjusted R-squared:

p-value: <



Regression Diagnostics )| gaddd

e

> par (mfrow =

> plot(m2)

Residuals vs Fitted

c(2, 2))

10
I

Residuals

-10

I I I I I I
40 45 50 55 60 65

Fitted values

Scale-Location

1.5

1.0

0.5

1/ |Standardized residuals!

I I I I I I
40 45 50 55 60 65

Fitted values

Standardized residuals

Standardized residuals

> plot(density (resid(m2)))

61

-1

2

2 -1 0 1 2

-3

Normal Q-Q

—] _/oo

Theoretical Quantiles

Residuals vs Leverage

[ I I I I I
0.00 0.02 0.04
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B sl s andy



density.default(x = resid(m2))

Density
0.03 0.04 0.05
| | |

0.02
|

0.01
|

0.00
|

| | | | |
-20 -10 0 10 20

N =200 Bandwidth=2.194

(1) http://www.ats.ucla.edu/stat/r/seminars/intro.htm
(2) http://www.stat.ucla.edu/~vlew/stat130a/datasets/

(3) http://www.statmethods.net/
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Python daw) g (Huaay) Julaill dadia

General-purpose  4slall gl e Y1 <l dlall Aas yll <lad e Python i
dlle ) By an 7 o 90 i g High-level Programming Language
Clalll Sy el (e A sy cila ol Al e el e 3 S5 jaia g
o e ALLE A8 (g 95 Java 5l Ct Jie s AY)

Jie Jueiill dadail areal 322 5i (Python Interpreters) Python des yie

.2 Unix s MacSystems s Windows

Omeadiual) aeal Jlas 98 3 Open-source 4 sisall zal nll (s Python
e e Ofialdl) 5 (edlSY) (g shall (e (33 58 Python 4ilsay yshis o siy
Al Cileala ela]

Python <l g Jaead

3 Python 4 (e 1) 28 sal)
https://www.python.org/

z st Slae =ali 98 9 Anaconda e Python - sac aladin) cilgal g aa i g
3l Jalaill g Larg-scale Data processing 3_uSl) <libul) dallaal
. Scientific Computing 4xlall &lluall 5 Predictive Analysis
(e bl Jaaad Sy 5 Wl jualas A Anaconda pasied < g

https://repo.continuum.io/archive/
12 Jlaal jaly

win32 alail
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https://repo.continuum.io/archive/Anaconda3-2.2.0-Windows-
x86.exe
win64 Usil
https://repo.continuum.io/archive/Anaconda3-2.2.0-Windows-
x86 64.exe
o bl i) e Lo i
https://www.python.org/downloads/
bl s 5 AN Modules coli€all Adlia) a3 (a5
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dsalzl) Python <:liisa

Al LSl aad%S (o g

Baaala Cilgata g b giaal ay pug S aca glac Y aliat 4S8 s NumPy
Ay

Apasl) 5 dpadall gal jll 43S 9 5 SciPy

Apabll disall 5 cile w1 40iSa 8 s Matplotlib
byl Jdsil 40€a 98 9 Pandas
Sl ST Jyald 48 jadl
http://en.wikipedia.org/wiki/Python (programming language)#Im

plementations

Python b dsmbad) clibul) sl s
Ll gl o Diad clild) &l (S 53 e MPython@uh\.pﬂ\ésa_\hcgg\
(6\353.»::}[\ o L5 Lgany Caaliad

[ ]= <25 mutable W _palic juad (Say 4 je Cilauiia (2368 ) Lists (1

—a 235 immutable W yalic juad (Ka¥ 48 je Glayliie (SS ) Tuples (2
o8 Osn sl () =

a8 A keys zilia (0 mapping (subad <o 23 5 (s 3«8) Dictionaries (3

{ } = <235 values

T Giais el (e Aailiie 8 5 (U saad) Strings (3

65



>>> s

>>>
>>>

>>>
>>>
>>>

o

a o

Q.

>>> e

>>>

>>>

>>>

>>>

>>>

Hh

" a string"
' a string '
['ahmad',6 'red',100,1872]# list of 4

# elements

[ ] # an empty list

1, 2, 3 # a tuble of 3 elements
(1, 2, 3) # a tuble of 3 elements
() # an empty tuble
'ahmad', # a tuble with on element

# (comma is required)
('ahmad',) # a tuble with on element

# (comma is required)

{'x':1, 'y':2, 'z':2} # a dictionary
# mapping strings to
# integers
{1:'x', 2:'y', 3:'2z'} # a dictionary
# mapping integers
# to strings

{} # a empty dictionary
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Indexing &bl
0 & 83e Js) 5 pageaill 5 liall 5 ol il 2l Sa
>>> s = 'a string’

>>> s[0]

ra’

>>> s[3]

re

>>> t = 99,100,101

>>> t[2]

101

>>> v = [33,44,'ahmad’]
>>> v[2]

'ahmad'

>>> v[2][1:3]

'hma '

>>> v = [10,11,12,13,14]
>>> v[-2]

13

>>> v

[10,11,12,13,14]

>>> v[3] = 99

>>> v

[10,11,12,99,14]
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Slicing = »<ll
subsequence 4 > Amlita any my il
>>> v =[1,2,3,4,5,6,7,8,9,10]
>>> v[3:4]
[4]
>>> v[3:9:2]

[4,6,8]
>>> v[-7:-1]
[4,5,6,7,8,9]

>>> v[3:5] = [99,100]
>>> v
[1,2,3,99,100,6,7,8,9,10]
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doula AK Python

sl yedas Python BIER RN

File Edit Shell Debug Options Windows Help

Python 2.7.9 |Anaconda 2.2.0 (64-bit)| (default, Dec 18 2014, 16:57:52) [M5C v.1 =
500 64 bit (AMD&4)]
Type "copyright™, "credits™ or "license ()" for more information.
x>

>>> 2 + 2

4

>>> 50 - 5%6

20

>>> (50 - 5%6) /4
5
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>> 8 /5

>> 8 / 5.0
1.6
Clleadl gy ol a) 5 @by JWa)

>>> import numpy as np

>>> import scipy as sc

>>> x = np.array([474.688, 506.445, 524.081,
530.672, 530.869, 566.984, 582.311, 582.940,
603.574, 792.358])

>>> x

array ([ 474.688, 506.445, 524.081, 530.672,
530.869, 566.984, 582.311, 582.94 , 603.574,
792.358])

>>> from scipy import stats

>>> sc.stats.describe (x)

DescribeResult (nobs=10L,
minmax=(474.68799999999999, 792.35799999999995) ,
mean=569.49220000000003,
variance=7689.5458092888857,
skewness=1.7024129743728933,
kurtosis=2.3738129817185847)

>>>
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Reading csv files idaliy 4 gaiall aidl) cilile 4) 3

>>> import pandas as pn

>>> from pandas import *

>>> jris = read_csv("'C:/Users/ibin/Desktop/iris.csv'")
>>> print iris

sepal_length sepal width petal length petal width name

0 5.1 3.5 1.4 0.2 setosa
1 4.9 3.0 1.4 0.2 setosa
2 4.7 3.2 1.3 0.2 setosa

>>> print iris[''"name"'|

0 setosa
1 setosa
2 setosa

>>> print iris["name"][12]

setosa

>>> print iris["sepal length"] [12]

4.8

>>> print iris[iris["sepal length"]> 5.0]

sepal length sepal width petal length petal width name

0 5.1 3.5 1.4 0.2 setosa
5 5.4 3.9 1.7 0.4 setosa
10 5.4 3.7 1.5 0.2 setosa
14 5.8 4.0 1.2 0.2 setosa
15 5.7 4.4 1.5 0.4 setosa
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>>> print iris[iris["sepal length"]< 5.0]

sepal_ length sepal width petal length petal width name

1 4.9 3.0 1.4 0.2 setosa
2 4.7 3.2 1.3 0.2 setosa
3 4.6 3.1 1.5 0.2 setosa
6 4.6 3.4 1.4 0.3 setosa

>>> print iris["sepal length"] .mean()
5.84333333333

>>> import scipy

>>> from scipy import stats

>>> print scipy.stats.sem(iris["sepal length"])
0.0676113162276

>>> print iris["sepal length"].std()
0.828066127978

>>> print iris["sepal length"].var()
0.685693512304

>>> print iris["sepal length"] .median()
5.8

>>> print iris["sepal length"] .mode ()

0 5

>>> print iris["sepal length"].sem()
0.0676113162276

>>> £ val, p val =

stats.f oneway(iris.sepal length, iris.sepal width)
>>> £ val

1335.7678308241761

72



>>> p val
3.9878381148481482e-112
>>> x = iris.sepal_ length
>>> y = iris.sepal_width
>>> z = iris.petal length

>>> w = iris.petal width

>>> £ val, p val stats.f oneway(x, y, z, w)
>>> £ val
483.57128302425951
>>> p val
3.4996987081941695e-159
>>>
AT Jlia
>>> import pandas
>>> data =
pandas.read csv('C:/Users/ibin/Desktop/brain size.c
sv', sep=';', na values=".")
>>> print data

Unnamed: 0 Gender FSIQ VIQ PIQ Weight Height MRI_Count\t

0 1 Female 133 132 124 118 64.5 816932
1 2 Male 140 150 124 NaN 72.5 1001121
2 3 Male 139 123 150 143 73.3 1038437

>>> print data ['Gender']

0 Female
1 Male
38 Male
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39 Male
>>> gender data = data.groupby ('Gender')
>>> print gender data.mean()

Unnamed: O FSIQ VIQ PIQ Weight Height MRI_Count\t
Gender

Female 19.65 111.9 109.45 110.45 137.200000 65.765000 862654.6
Male 21.35 115.0 115.25 111.60 166.444444 71.431579 954855.4

>>> for name, value in gender data['VIQ']:
print name, np.mean(value)

Female 109.45

Male 115.25

>>> data[data['Gender'] == 'Female']['VIQ'] .mean()

109.45

>>> from pandas.tools import plotting

>>> plotting.scatter matrix(data[['PIQ', 'VIQ',

'"FSIQ'I])

>>> from scipy import stats

>>> stats.ttest lsamp(data['VIQ'], O0)

>>> female viq = data[data['Gender'] ==

'Female']['VIQ']

>>> male viq = data[data['Gender'] ==

'Male']['VIQ']

>>> stats.ttest_ind(female_ viq, male_viq)

>>> stats.ttest_ind(data['FSIQ'], data['PIQ'])

>>> stats.ttest _rel(data['FSIQ'], data['PIQ'])

>>> stats.ttest lsamp(data['FSIQ'] - data['PIQ'],

0)

>>> from scipy import stats
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>>> import numpy as np

>>> x = [10, 11, 13, 9, 7, 12, 12, 9, 10, 12]
>>>y = [13, 21, 5, 10, 8, 14, 10, 12, 7, 15]
slope, intercept, r value, p value, std err =
stats.linregress(x,y)

# To get coefficient of determination (r_squared)
>>> print "r-squared:", r_value**2

r-squared: 0.15286643777
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‘nUmMpy “sSal)

>>> import numpy as np

>>> x = np.array([474.688, 506.445, 524.081,
530.672, 530.869, 566.984, 582.311, 582.940,
603.574, 792.358])

>>> x[0] # First element
474.68799999999999

>>> x[:3] # Up to the third element
array ([ 474.688, 506.445, 524.081])

>>> x[-1] # Last element
792.35799999999995

>>> np.max (x)

792.35799999999995

>>> np.sum(x[:3])

1505.2139999999999

>>> np.mean (x)

569.49219999999991

>>> np.log(x)

array ([ 6.16265775, 6.22741573, 6.26164625,
6.27414413, 6.27451529, 6.34033108, 6.36700467,
6.36808427, 6.40286865, 6.67501331])
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pylab ze ozl cile g M)
>>> from matplotlib import pyplot as plt

>>> plt.boxplot (x)

800 T

750

700

650

600 - |

550

T
|
500 |
|

450

Regular Plot: plt.plot(...)

Plot lines and/or markers
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Scatter Plot: plt.scatter(...)f= =
Make a scatter plot of x versus y 0® g %00
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Contour Plot: plt.contour(..)
Draw contour lines and filled contours

Pie Chart: plt.pie(...)

Make a pie chart of an array

Bar Plot: plt.bar(...)

Make a bar plot with rectangles
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pandas 4l

>>> import pandas

>>> data =

pandas.read csv('examples/brain size.csv', sep=';',
na values=".")

>>> print data

Unnamed: 0 Gender FSIQ VIQ PIQ Weight Height MRI Count

0 1 Female 133 132 124 118 64.5 816932
1 2 Male 140 150 124 NaN 72.5 1001121
2 3 Male 139 123 150 143 73.3 1038437

>>> print datal['Gender']

0 Female
1 Male
2 Male
3 Male
4 Female

>>> gender_data = data.groupby ('Gender')

>>> print gender data.mean()

Unnamed: O FSIQ VIQ PIQ Weight Height MRI_ Count
Gender

Female 19.65 111.9 109.45 110.45 137.200000 65.765000 862654.6
Male 21.35 115.0 115.25 111.60 166.444444 71.431579 954855.4

>>> for name, value in gender data['VIQ']:
print name, np.mean (value)

Female 109.45

Male 115.25
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>>> data[data['Gender'] == 'Female']['VIQ'] .mean()
109.45

pandas - Siba g )

>>> from pandas.tools import plotting

\

>>> plotting.scatter matrix(data[['Weight',
Height', 'MRI_ Count']])

‘£ 1000000 |

=

o 950000 |- .
8\ 900000 |- &

=

=

750000
]

108
120

4
160 |
180
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:Hypothesis testing <lua dll jLii)

>>> from scipy import stats

1-sample t-test das) 5 dial ¢ HLia)

>>> stats.ttest lsamp(data['VIQ'], O0)

2-sample t-test (uinal t Lid)

>>> female viq = data[data['Gender'] ==
'Female']['VIQ']

>>> male viq = data[data['Gender'] ==
'Male']['VIQ']

>>> stats.ttest_ind(female viq, male_viq)

: AT Jla
Ja ol Ayiedlaall Ja 350 6] Aleadl an s 5 seda ) e 20 330 100 dlee Cisa
AL seda sae Ly 5 g sbn Aa gl el 20
>>> import numpy as np
>>> import scipy.stats as st
>>> import scipy.special as sp
>>>n =100
>>>h =61
>>>p=.5

>>> xbar = float(h)/n
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>>> xbar
0.61
>>>z = (xbar - p) * np.sqrt(n / (p*(1-p))); z
2.1999999999999997
>>>pval =2 * (1 - st.norm.cdf(z)); pval
0.02780689502699718
>>>
0.028 32 5 3« 100 4 yie dac aj 2ic 42561 Ao Jpanll Jlaia) ol Jaadls
5 sinma 0,05 2o (b ) A e Aleall ) e Ay iall A il () 23 130
(e
by B4 o)
A simple linear regression
Bl e lia culily Al ¢

>>> x = np.linspace(-5, 5, 20)

>>> np.random.seed (1)

>>> y = -5 + 3*x + 4 *

np.random.normal (size=x.shape)

>>> data = pandas.DataFrame({'x': x, 'y': y})
>>> from statsmodels.formula.api import ols
>>> model = ols("y ~ x", data) .fit()

>>> print (model.summary ())

ddzia laad)

Multiple Regression

>>> data = pandas.read csv('examples/iris.csv')
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>>> model = ols('sepal width ~ name +
petal length', data) .fit()
>>> print (model.summary())

>>> from scipy import stats

>>> from scipy.stats import norm

>>> norm.cdf (0)

>>> norm.mean(), norm.std(), norm.var()
>>> from scipy.stats import expon

>>> expon.mean (scale=3.)

>>> from scipy.stats import uniform
>>> uniform.cdf ([0, 1, 2, 3, 4, 5], loc = 1, scale
= 4)

>>> np.mean (norm.rvs (5, size=500))

>>> from scipy.stats import gamma

>>> gamma.numargs

>>> gamma.shapes

>>> from scipy.stats import hypergeom
>>> [M, n, N] [20, 7, 12]

>>> np.random.seed (282629734)

>>> x = stats.t.rvs (10, size=1000)

>>> print x.max (), x.min() # equivalent to
np.max (x) , np.min (x)

>>> print x.mean(), x.var() # equivalent to
np.mean (x) , np.var (x)

>> m, v, s, k = stats.t.stats (10, moments='mvsk')
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>>> n, (smin, smax), sm, sv, ss, sk =
stats.describe (x)

>>> print 'distribution:',

>>> sstr = 'mean = %6.4f, variance = %6.4f, skew =
$6.4f, kurtosis = %$6.4f'

>>> print sstr $(m, v, s ,k)

>>> print 'sample: ',

>>> print sstr %(sm, sv, ss, sk)

>>> print 't-statistic = %6.3f pvalue = %6.4f' %
stats.ttest_lsamp(x, m)

>>> tt = (sm-m) /np.sqrt(sv/float(n)) # t-statistic
for mean

>>> pval = stats.t.sf(np.abs(tt), n-1)*2 # two-
sided pvalue = Prob(abs(t)>tt)

>>> print 't-statistic = %6.3f pvalue = %6.4f' %

(tt, pval)

>>> print 'KS-statistic D = %6.3f pvalue = %6.4f' %
stats.kstest(x, 't', (10,))

>>> print 'KS-statistic D = %6.3f pvalue = %6.4f' %

stats.kstest (x, 'norm')

>>> d, pval = stats.kstest((x-x.mean())/x.std(),
'norm')

>>> print 'KS-statistic D = %6.3f pvalue = %6.4f' %
(d, pval)

>>> rvsl = stats.norm.rvs(loc=5, scale=10,

size=500)
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>>> rvs2 = stats.norm.rvs(loc=5, scale=10,
size=500)
>>> stats.ttest_ind(rvsl, rvs2)

>>> stats.ks_2samp (rvsl, rvs2)

import random
def die():

return random.choice([1,2,3,4,5,6])

die()

def roll(n):
result=""
for i in range(n):
result = result + str(die())

print (result)

roll (10)

import matplotlib
from matplotlib import pylab
vals = [1,200]

for i in range(1000):

Jlgs iy 2l

numl = random.choice (range(1,100))

num2 = random.choice (range(1,100))

vals.append (numl+num2)

86



pylab.hist (vals, bins=10)
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Lo i Cala prad

Python 2.7.9 |Anaconda 2.2.0 (64-bit)| (default, Dec 18
2014, 16:57:52) [MSC v.1500 64 bit (AMD64)] on win32

Type "copyright", "credits" or "license ()" for more

information.

>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

198
199

>>>
0
1

198
199

import numpy as np

import scipy as sc

import pandas as pd

from pandas import *

import Tkinter, tkFileDialog

## C:\Users\ibin\Desktop\R python course\hsb2.csv
hsb = tkFileDialog.askopenfile ()

hsb2 = read csv(hsb)

hsb.close()

hsb2
id female race ses schtyp prog read write math science socst
70 0 4 1 1 1 57 52 41 47 57
121 1 4 2 1 3 68 59 53 63 61
118 1 4 2 1 1 55 62 58 58 61
137 1 4 3 1 2 63 65 65 53 61
hsb2["race"]

4

4

4

4

Name: race, Length: 200, dtype: int64

>>>

>>>

>>>

x hsb2["read"]
y = hsb2["write"]

Z = hsb2["math"]
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>>> w = hsb2['science']

>>> from scipy import stats

>>> stats.ttest_ind(x,y)

(-0.551990645527904,

>>> stats.ttest_ind(x,z)
(-0.42257874015791508,

>>> print hsb2 .mean ()

id 100.500
female 0.545
race 3.430
ses 2.055
schtyp 1.160
prog 2.025
read 52.230
write 52.775
math 52.645
science 51.850
socst 52.405
dtype: floaté64

>>> hsb2.describe()

count
mean
std
min
25%
50%
75%

max

count
mean
std
min

25%

200.000000 200.
100.
57.

1.
50.
100.
150.
200.

200.
.230000
10.
28.
44.

52

id

500000
879185
000000
750000
500000
250000
000000

read

000000

252937
000000
000000

P P P O O O O

200.

52.
.478586
31.
45.

female

00000

.54500
.49922
.00000
.00000
.00000
.00000
.00000

write
000000
775000

000000
750000

0.58126457287969857)

0.67283084594388431)

200.

B D W R R oW

200.
52.

33.
45.

race

000000

.430000
.039472
.000000
.000000
.000000
.000000
.000000

math
000000
645000
.368448
000000
000000

89

200.

W W MM B ON

200.
51.
9.
26.
44.

ses

000000

.055000
.724291
.000000
.000000
.000000
.000000
.000000

science
000000
850000
900891
000000
000000

200.

N B B KR R O R

200.
52.
10.
26.
46.

schtyp
000000

.160000
.367526
.000000
.000000
.000000
.000000
.000000

socst
000000
405000
735793
000000
000000

200.
.025000
.690477
.000000
.000000
.000000
.250000
.000000

w N M MM B ON

prog
000000

\



50% 50.000000 54.000000 52.000000 53.000000 52.000000
75% 60.000000 60.000000 59.000000 58.000000 61.000000
max 76.000000 67.000000 75.000000 74.000000 71.000000

>>> help(ols)
>>> result = ols(y=y, x=x)

>>> result

Formula: Y ~ <x> + <intercept>

Number of Observations: 200

Number of Degrees of Freedom: 2

R-squared: 0.3561

Adj R-squared: 0.3529

Rmse: 7.6249

F-stat (1, 198): 109.5213, p-value: 0.0000

Degrees of Freedom: model 1, resid 198

Variable Coef Std Err t-stat p-value CI 2.5% CI 97.5%

x 0.5517 0.0527 10.47 0.0000 0.4484 0.6550
intercept 23.9594 2.8057 8.54 0.0000 18.4602 29.4587

>>>
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Ed Microsoft Excel -
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Data Analysis

Analysis Tools

0
Anova: Single Factor -
Anova: Two-Factar With Replication Cancel
Anova: Two-Factor Without Replication

Correlation

Covariance Help
Descriptive Statistics

Exponential Smoothing

F-Test Two-5ample for Variances

Fourier Analysis

Histogram ﬂ

Data Analysis

Analysis Tools

Histogram N

Maving Average Cancel
Random Murmber Generation

Rank and Percentile

Regression Help
Sampling

t-Test: Paired Two Sample for Means

t-Test: Two-Sample Assuming Equal Variances

t-Test: Two-Sample Assuming Unequal Yariances

z-Test: Two Sample for Means =

sal s Jalad ) Jala -1
D1SE e Gplalad i) ol -2
OSSO Oalalad lil) Jilasi -3
L) il -4

il -5

diay Clibas) -6

Y el -7

Ofial cplall F L) -8

4 dilai -9

S S 2l 10

A aial) Ja giall =11
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A e o8 )l 55 -12

Clidall s i) -13

Jlasiyl =14

aleall -15

4 e el Gl sl 508 -16
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Gl (5 s pae al 8 e (il tLa8) 18
Ot s siall 7 jla) -19

(el et okall 028 (amy ia e Cogu g
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Anova: Single Factor ) Jalad cplil) Jalas

CUa Cleall tgalie il 3,k A5 530 Gn G A8 el Al 5y <y

43 yhay 20N 9 Ganadd oy Ll phe 1aali 27 il gyl Y Als
ClS g Ay 351 ey 2 apen LA 3 AN (3 phall (e A8y Hla JST AN sde
1 SIS el LEaYy) il

g sandl 9 8 7 6 5 2 1 NEEANCY
46 5 8 110 6 3 4 5 4 1 &y Ll
78 4 914 9 7 510 8 12 2 45y ;L)
34 2 2 3 5 8 4 3 1 3 4y ;L

0.05 4 5i2a

g 1 C E RV dadin & bl Jaas
A B C D

1 | Student # 1st Method 2nd Method 3rd Method

2 1 4 12 1
3 2 5 8 3
4 3 4 10 4
5 4 3 5 6
6 5 6 7 8
7 6 10 9 5
8 7 1 14 3
g9 8 8 9 2
9 5 4 2

10

salill yekis Data Analysis Jlisi Tools < s 4ail (he
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mmuﬂ:m-&-mm\:

A

WD 00| =] O NP DR —

B C D

Student # | 1st Method  2nd Method | 3rd Methﬂdl _

4 12 1

Data Analysis

Analysis Tools

Anova: Single Factor

Anova: Two-Factor With Replication
Anova: Two-Factor Without Replication
Correlation

Covariance

Descriptive Statistics

Exponential Smoothing

F-Test Two-Sample for Variances
Fourier Analysis

Histogram

E

3:lll yelaid Anova: Single Factor 2y Jalal oplall Judas s

—

5azaﬁj5mmumm#mmL

A

B C

D E

Student# 1st Method 2nd Method 3rd MethUdE i

W00 =] O N f LD M| —

£

Anova: Single Factor

Input
lnl::..lt Range: SAs1:sDs10 E
Grouped By: * Columns ﬂ
" Rows Help

[v Labels in first row

alpha: [o.0s
Dutput options

* Qutput Range: |5E51 E

" Mew Worksheet Ply: |

" Mew Workbook

it OK o 4psthall bl Jas
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E F G H J K
Anova: Single Factor
SUMMARY

Groups Count Sum Average Variance

Student # 9 45 5 75
1st Method 9 46 5111111111 7111111111
2nd Method 9 78 B8.666666667 10
3rd Method 9 34 3TTTTTVTT8 4944444444
ANOVA
Source of Variation S5 df Ms F P-value F crit
Between Groups 119.8611111 3| 39.9537037 540726817 0.003997338 2901117568
Within Groups 236.4444444 32 7.388888889
Total 356.3055556 35
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Anova: Two-Factor With ) S5 ae cplalad cpliil) Julas

Replication

s 38 (aldl Al ClagfinV) A )3 aaadl i gese e O jady Ofiall) aal 8
A i e Jeand 100 oo

2 e gana 1 de gana
58 75 1 4
56 68
61 71
60 75
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Trial 1 79 28
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D E F G
Anova: Two-Factor With Replication

SUMMARY Group 1 Group 2 Total
Tral 1
Count 4 4 8
Sum 280 235 524
Average 72.25 28.75 65.5
Variance 1158333333 4916666667 5914285714
Tral 2
Count 4 4 8
Sum 272 249 521
Average 68 62.25 65125
Variance pllslslslslslelslo Ty 16.25 1755357143
Total
Count B B
Sum 561 484
Average f0125 60.5
Variance 1126785714 1257142857
ANOVA
Source of Variation S5 af
Sample 0.5625 1
Columns 3705625 1
Interaction 60.0625 1
Within 10625 12
Total 537 4375 15
MS F P-value Fcrt

0.5625 0.063529412 0803267228 4.747221283

370.5625 4185176471 3.07191E-05 4747221283

60.0625 6.763529412 0023033141 4747221283
8.804166667
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Anova: Two-Factor Without S5 &g Galatal ¢plil) Jalas

Replica

tion

=2l Y e Gilelhd 4 dallaad A B,C,D slesdl (e g1 53 4 (paiald) aaf axail
Okl il Zlay) e Jiasis 4 pllad in g ] gl

Treatment Sector 1 | Sector2 | Sector3 | Sector 4
A 9.3 9.4 0.6 10
B 9.4 9.3 0.8 9.9
C 9.2 9.4 9.5 9.7
D 9.7 9.6 10 10.2

0.05 aie ,ial Seilelaill (58 llia Ja Selallaall o (5,8 clla Ja
: SIS bl Ja

A B
1 | Treatment Sector1
2 A 9.3
3 B 9.4
4 C 9.2
5 D 9.7
6

C D
Sector?2 Sector 3
9.4 96
9.3 9.8
9.4 95
9.6 10

E
Sector 4
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99
97
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Data Analysis

Analysis Tools

Anova: Single Factor

Correlation

Covariance

Descriptive Statistics
Exponential Smoothing

F-Test Two-5ample for Variances
Fourier Analysis

Anova: Two-Factar With Replication
Anova: Two-Factor Without Replication

Histogram
SIS Gl Jass
A B C D E F
1 | Treatment Sector1 Sector?2 Sector3d  Sector 4
2 A 9.3 9.4 96 10
3 B 94 9.3 98 99
4 C g2 9.4 95 9.7
5 D 9.7 96 10 10.2
6
7
Input
g Input Range: |sas1:sEss EY
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11 Alpha: |[0.05 Help
1% Dutput options
14 {* Qutput Range: |5.ﬁ.56 E
15 " Mew Worksheet Ply: |
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Anova: Two-Factor Without Replication

SUMMARY Count = Sum Average Variance

A 4 38.3 9575 0095833333
B 4 36 4 96 0086666667
C 4 378 945 0043333333
D 4 395 9875 0075833333
Sector 1 4 J76 9.4 0.046666667
Sector 2 4 377 9425 0.015833333
Sector 3 4 389 9725 0.049166667
Sector 4 4 398 995 0043333333
ANOVA

Source of Variation 58 df MS F P-value Fcrit
Rows 0.385 3 0128333333 144375 0000871272 3862538733
Columns 0.825 3 0275 309375 452327E-05 3862538733
Error 008 9 0008888889
Total 1.29 15
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7 60 155
8 49 145
9 68 152

Jog) il Slaas colibadl Jalas s g @l ga¥) Aaild e GaludlS

Data Analysis
Analysis Tools

Anova: Single Factor -
Anova: Two-Factor With Replication

Anova: Two-Factor Without Replication
EHHHﬂﬂHlllllllllllilllllllllll
Covariance

Descriptive Statistics
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Cancel
Help
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3 36 118 Input
4 63 140 Input Range: SAS1:9B%9 EY|
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Descriptive Statistica 4w sl clilaay
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4932.40, 2625.58, 6691.17, 9172.67, 9053.80, 9659.41, 1918.87,
5140.86, 8878.62, 2936.39, 3809.27, 2172.88, 2065.52, 3145.85,
3600.81, 1940.14, 4137.35, 4613.33, 6339.82, 4730.45, 4849.07,
4715.93, 9264.51, 5621.34, 5294.52, 4292.01, 9800.80, 8414.65,
9928.18, 3901.36 9603.85, 2238.19, 7581.32, 8495.49, 9774.52,
5623.85, 4261.73, 7951.69, 4682.15, 8160.40, 2409.61, 3427.14,
2325.28, 4738.46, 5793.77, 5991.97, 4862.33, 9884.38, 2133.84,

3691.90
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14 206552 v Summary statistics

15 314585 v Confidence Level for Mean: 95 o

16 3600.81 [~ Kth Largest: |1
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19 | 4613.33
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A B C
' 1 |Income Income

2 4932 40

3 262558 Mean 554559
4 6691.17 Standard Error 36981
5 917267 Median 485570
6 9053.80 Mode #M/A

7 9659 41 Standard Deviation 261493
8 1918 .87 Sample Variance 683785524
9 5140.86 Kurtosis -1.16
10 | 887862 Skewness 0.37
11 2936.39 Range 8009.31
12 | 380927 Minimum 1918.87
13 2172.88 Maximum 992618
14 206552 Sum 27727942
15 314585 Count 50.00
16 | 360081 Confidence Level(95.0%) 74315
17 194014

Exponential Smoothing (¥ ¢l

ol Ll (oAb 8 A0 Al el e il _uW) seadll adding
Slaay) pull 3 deasiead) Gkl as) s ¥ agalll | ase ) gdie il
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44 .2 44 .3 44 .4 43.4 42.8 44 .3
44 .4 44 .8 44 .4 43.1 42.6 42 .4
42.2 41.8 40.1 42.0 42 .4 43.1
42 .4 43.1 43.2 42.8 43.0 42.8
42.5 42.6 42.3 42.9 43.6 44 .77
44.5 45.0 44 .8 44.9 45.2 45.2
45.0 45.5 46.2 46.8 47.5 48.3
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C D E
F-Test Two-Sample for Variances
Sample 1 Sample 2

Mean f1 76.66888889
Variance 105.1428571 9111111111
Observations 8 9
df 7 8
F 1.154006969

P(F==f) one-tail
F Critical one-tail

0.418377164
3.500460366
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Moving Average

Input
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Regression
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t-Test: Paired Two Sample for Means
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-
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z-Test: Two Sample for Means
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Rank and Percentile
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1 Value Point Value Rank Percent
2 44 2 o 01.2 1 100.00%
3 44 3 4 509 2 98.30%
4 44 4 o2 a0.7 3 93.20%
5 434 53 507 3 9320%
6 428 af a0.7 3 93.20%
[ 44 3 55 505 6  9150%
8 44 4 58 50.3 7 89.80%
g 44 8 47 50 8 86.40%
10 44 4 48 50 & 86.40%
11 431 50 499 10 84.70%
12 426 49 496 11 81.30%
13 42 4 51 496 11 81.30%
14 422 46 49 4 13 7960%
15 418 59 49 2 14 77.90%
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Maving Average

X Y

42 125

36 118

63 140

55 150
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60 155

49 145

68 152
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Regression ==
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Regression

Input
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Input X Range: |sas1:sa89 B
v Labels [ Constantis Zero ﬁ
v Confidence Level: 85 O
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Residuals
[ Residuals [+ Residual Plots
[ Standardized Residuals [ Line Fit Plots
tormal Probability
[+ ‘Mormal Probability Plots!
bl
SUMMARY QUTPUT
Regression Statistics
Multiple R 0791831817
R Sguare 0626997626
Adjusted R Square 0.564830564
Standard Error 8 636706775
Observations 8
ANOVA
df 55 MS F Significance F
Regressian 1 7523167765 7523187765 10.0856885 0.019177545
Residual 6 4475562235 7459270392
Total 7 1199875
Coefficients | Standard Error t Stat P-value
Intercept 03 58382293 1512386375 6.187825046 0.000819999
X 0.906817871 0.285540223 3175797302 0.019177545
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Lower 95%

Upper 85

% Lower950% Upper850%

06.57703441

130.5906114 56.57703441
0206125604 1.605510139 0.208125604

RESIDUAL OUTPUT
Observation FPredicted Y Residuals

1 1316701735 -6.670173521

2 1262292663 -8.229266293

3 150.7133488 -10.71334882

4 1434588058 6541194152

5 1316701735 B8.329826479

6 1479928952 7.007104796

7 138.0178986 6.98210138

8 1552474382 -3247438175

PROBABILITY OUTPUT
Percentile Y

6.25 118
18.75 125
31.25 140
4375 140
56.25 145
68.75 150
81.25 152
093.75 155
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t-Test: Paired Two Sample for Means

Input
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X Y
Mean 7314285714 6842857143
Variance 160.8095238 143.6190476
Observations 7 7
Pearson Correlation 0.902112013
Hypothesized Mean Difference 0
df 6
t Stat 2.268233209
P(T==t) one-tail 0.031911178
t Critical one-tail 1943180905
P(T==t) two-tail 0.063822356
t Critical two-tail 2. 446913641
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t-Test: Two-Sample Assuming Equal Variances

)

X

Y

Mean

Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df

t Stat

P(T==t) one-tail

t Critical one-tail
P(T==t) two-tail

t Critical two-tail

73.14285714 68.42857143
160.6095238 143.6190476

-
192.2142857
0

12
0.714862005
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1.782286745
0.486369074
2178812792
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C
t-Test: Two-Sample Assuming Unequal Variances

X

Y

Mean

Variance

Observations

Hypothesized Mean Difference
df

f Stat

P(T==t) one-tail

t Critical one-tail

P(T==t) two-tail

t Critical two-tail

7314285714 68.42857143

160.8095238
-

0

12
0.714862005
0244184537
1.782286745
0.4868369074
2178812792

143.6190476
7
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z-Test: Two-Sample for Means (il clhugiall Zz LIS

Gl QU e HLasy) 13 o jeiod Cogu

Data Analysis

Analysis Tools

OK
Histogram j -
Moving Average Cancel
Random Mumber Generation
Rank and Percentile
Fegression Help
Sampling

t-Test: Paired Two Sample for Means
t-Test: Two-5ample Assuming Equal Variances
t-Test: Two-Sample Assuming Unegual Variances

z-Test: Two Sample for Means

i glaall Ll Jaas

z-Test: Two Sample for Means

Input
Variable 1 Range: |sas1:sasa B

Variable 2 Range: | SRE1:cEER E Cancel
Hypothesized Mean Difference: ||:| Help

Variable 1 Variance (known): | 161

Variable 2 Variance (known): | 145

[v Labels

Alpha: [0.05
Dutput options

{* Qutput Range: |5'C51| E
" Mew Warksheet Ply: |
" Mew Workbook

GaNSESY
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C D E
z-Test: Two Sample for Means

X Y
Mean 7314285714 68.42857143
Known Variance 161 145
Observations 7 7
Hypothesized Mean Difference 0
z 0.713024096
P(Z==z) one-tail 0.237915349
Z Critical one-tail 1644853476
P(Z==z) two-tail 0.475830698
Z Crifical two-tail 1.959962787

ALl ) HERY) o Al Qllall @ iy
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Quantiles, Deciles and Percentiles <lisiall g & judal) g Cilas )
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O, = by
Q, = P,, = median
Q; = Py
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P., = median
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t o bl Cun AibasYl o all e Ghaad £ 5L s Al (g jlmall )AL

0.1, 0.05, 0.01, Jie pd paxd &ldy p=p-1 L sl Alajy (e ds o KA

sAilaay) ajad) aladialy Akl

R
> height = read.table("clipboard", sep=" ",header=TRUE)
> height
height
1 56
2 70
99 63
100 73

> n = length (height)

> a = mean (height)
> b = sd(height)
> err = gt (0.975, df = n-1)*b/sgrt(n)
> 1ft = a - err
> rt = a + err
> 1ft
height
57.21374
> rt
height
61.22626
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> t.test (height)

One Sample t-test

data: height
t = 58.5694, df = 99, p-value < 2.2e-16
alternative hypothesis: true mean is not equal to O
95 percent confidence interval:
57.21374 61.22626
sample estimates:
mean of x

59.22
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Excel

height

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis
Skewness
Range

Minimum
Maximum

Sum

Count
Largest(75)
Smallest(25)

59.22
1.011108003
59

56
10.11108003
102.2339394
-0.701168047
-0.126404815
46

34

80

5922

100

52

51

Confidence Level(95.0%) 2.006257588
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O8N grﬁl\j Crpadiae Glla gia HladY a3y Paired t-test GJU_’\A\ BEEQY
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> male = ¢(13.3,19,20,8,18,22,20,31,21,12,16,12,24)
> female = c(22,26,16,12,21.7,23.2,21,28,30,23)

> t.test (male, female)

Welch Two Sample t-test
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data: male and female
t =-1.7336, df = 20.539, p-value = 0.09798
alternative hypothesis: true difference in means is not
equal to O
95 percent confidence interval:
-9.0538774 0.8277235
sample estimates:
mean of x mean of y

18.17692 22.29000
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Excel

13.3
19
20

18
22
20

31
21
12
16
12
24

sGla Al
t-Test: Two-Sample Assuming Unequal
Variances
22
26 m f
16 Mean 18.17692308 22.29
28.2987777
12 Variance 36.39025641 8
21.7 Observations 13 10
23.2 Hypothesized Mean Difference 0
21 df 21
28 t Stat 1.733589466
30 P(T<=t) one-tail 0.048825134
23 t Critical one-tail 1.720742871

P(T<=t) two-tail

t Critical two-tail

0.097650268
2.079613837

:Chi Square Tests ¢\S a0 @l LI

:Goodness of Fit Test 4bilaal) Cpua ) LA
66 Las 8 daalal) iliin A agia¥ 5 aai Jik 100 (e due LA L) (g yidid
e 58 O bk G i) 5 SUYI e 6 e Mila 34 5 ) sSA ¢ 53 (e ik
Alia f of daaall 5 dlaall Nile CaDEAY) 138 Jgb Ly slusia LY 220 5 <Al

(=laia) g S )

Jika 100 (s de S gl 101 oo LY aaed €A aae A O o Ltz 43 13)

LBlaay) OS5 13 aas Sy 50 by sae 550 )5Sl aae O 5 Of ad 55
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2 2
Zg :(01 _El) +(02 _Ez)

El EZ
&8 giall 2aal) E 5(2551)i=1,2 g Al e 2aLiall daall O, &
Gl Jlall
66-50)" (34-50)
;53:( ) +( ) =5.12+5.12
50 50
—10.24

Al g il Apum il Cind 1 A pm Ay g 55 S a5 gl Dlian Y o8
A ) 4y jiall Apa Wl b Je JX5 a5 p-value = 0.00137 el axslal)
1T oa SUY) aaal KAl dae

: S i 5 5 0 60 & e 253 A ey o

Draw 1 2 3 4 5 6
Number 10 10 8 11 12 9
Observed

Number 10 10 10 10 10 10
Expected

Alan ) Cuund 43 3) g3 38 3 o Ay jdeall daa jall Caay

n (OI — Ei )2

Xo=D, E

=1 i

Asdlaxdl B o5 i=1,2,... ,ngsd 0e 0l aall O s

10-10) (10-10Y’ 9-10)
200107 o-t0 | o-t0f
10 10 10
o8 Y L;i p-value = 0.962566 4xd 33336 - 1 =5 4 s Gla o Ll

g il il
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e Jeand Cfialill asld () (i ee 2 58 e cilily ddilas (uad JUS
4. Lo siay (5l 53 &) 55 A ) 5 Ll Ainy Al g AU il

2 2 3 o 4 3 5 6 2 5 o
4 4 3 4 1 7 2 4 3 0 2
2 5 3 5 0 5 7 4 3 3 8
2 4 5 4 5 5 4 5 4 2 5
3 11 7 5 4 7

il 5SS g 558 (553
value | O 1 2 3 4 5 8 9 10 11
obs 2 1 8 8 11 11 1 0 0 1
exp 0.9 13.66 |7.319.77|19.771]7.8 .21 .98 1 1.49]10.66 |1 0.26 0.1

O 59 2258 e (A0 UL O 4 yiual) A il Can A28 gial) gl Cavas

X

E =nx P(x) = n;t—e_i,x =0,1,2,...

x!

X

O 50 a5l ALY 2l P(x) = i—e_ﬂ',x =0,L2,...

x!

40

E,=50xP(x=0)=50—e¢" =0.915782
0!

41

E =50x P(x=1)=50- ¢ =3.663129

42

E,=50xP(x=2)=50"-¢" =7.326256
2!
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:\3\..4;‘;(\&._1“;.3
,_<-(0-E)
ZO _[Zzl: Ei
2 2 2
152(2_0.9) +(1_3‘66) +...+&:15.919
0.9 3.66 0.1

o8 5 0.144159 (o Adlaia) Aadll (1 - LA e ) 4y a cla n 11 Ly
A jheal) daca il (jad  adal | e dail)
T 82| VPN IV EY I g LA

R
> observed <- ¢(152,39,53,0)
> chisq.test (observed, p=¢(9,3,3,1)/16) -> results

> results
Chi-squared test for given probabilities

data: observed

X-squared = 8.9724, df = 3, p-value = 0.02966

> results$expected
[1] 140.625 46.875 46.875 15.625
> resultsSresiduals

[1] 0.9592242 -1.1502174 0.8946135 -2.4349538

>
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A [ B [ c | D [ E | F
1 |observed ratios expected chi chi-test = =CHITEST(A2:A5,C2:C5)
2 |152 9 =(B2/$B$7)"$A$7 |=(A2-C2)(A2-C2)/C2
339 3 =(B3/$B$7)"$A$7 | =(A3-C3)*(A3-C3)/C3
4153 3 =(B4/SBS7)"SAS7 =(A4-C4)"(A4-C4)C4
506 1 =(B5/$B$7)"$A$7 |=(A5-C5)*(A5-C5)/C5
6 [sum chi-sq p-value
7 |=SUM(AZ2:A5) =SUM(B2:B5) =SUM(C2:C5) =SUM(D2:D5) =CHIDIST(D7,3)
8
A | B | cC | D | E | F |

1 |observed ratios expected chi chi-test = 0.029659504
2 152 9 140625 0920111111
3] 39 3 46875 1.323
4 23 3 46.875 0800333333
5| 6 1 15625 2.929
6 |sum chi-sq p-value
7] 250 16 250 8972444444 0029659504

8

Contingency Tables & 38 g 3863l JLad) 5 glaa ) Jglas

(Independence and Association)

pelaadil QUSH (a y2a )5 (10 A sema (o 33 AN UL 1 Jbiay Lea i
E PP NP REPRN MRS

Education Level
Book Type High Scool Bachelors Master
eBook 23 35 42
Paper Book 45 30 25
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Lniall (SN ¢ 515 aalaill (5 siane (0 A8De 22 53 Y 14 jiuall dpua yal)
Sl sl () 55 Tad gial) ail) sl

Education Level Row Totals
Book Type | High Scool |Bachelors | Master
eBook 23 35 42 100
(34.0) (32.5) (33.5)
(3.559) (0.192) (2.157)
Paper Book | 45 30 25 100
(34.0) (32.5) (33.5)
(3.559) (0.192) (2.157)
Column 68 65 67 200
Totals

A1 3 sanll & sama X Al 4 55 3 ) & gena ) = Hulall dad gidl) dagdl
A g e | ) a8 5
(e Gl (S QLS 5 (5 530 anladll (5 giusa) du1ad 4 gial) dagdl)
100 X 68 /200 =34.0
(o e (S Y QUS 5 zala aalail) (g giia) Audad da glal) dagdl)
100 X 65 /200 =32.5
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aleil (5 i) LN (O = E)' [E (30 5anl 0 Bl 518 3 50 Bl
Os5SeE=34.0 50 =23 2 (S5 QLS 5 546
= (P3N QLS 5 5530 adlaill (5 slsa) an i S

(23-34.0)° /34.0=3.5588
chi-sq = 11.816 4 al) (51S Glay o pen o @i M 618 a0 e &) 1Sa
e g daeY) dae gz Cus v=(n—1)x(m—1) 4l s ) s
chi-sq = Al AdliaY) el y = (2-1)x (3-1) =2 UsSes yshdl

Ao siall &z jil) b i sl p-value = 0.003 o 2 4 Sl 0 11.816

: JUia
R
> x = ¢ (50,88,155,379,18,63)
> vy = c(43,62,110,300,14,144)
> chisg.test (x,Vy)
Pearson's Chi-squared test
data: x and y
X-squared = 30, df = 25, p-value = 0.2243
Warning message:
In chisg.test(x, y) : Chi-squared approximation may

be incorrect

>
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R & Al dls
> rm(list=1s (all=TRUE))
> library (MASS)

> head (survey)

Sex Wr.Hnd NW.Hnd W.Hnd Fold Pulse Clap Exer Smoke Height
1 Female 18.5 18.0 Right R on L 92 Left Some Never 173.00
2 Male 19.5 20.5 Left R on L 104 Left None Regul 177.80
3 Male 18.0 13.3 Right L on R 87 Neither None Occas NA
4 Male 18.8 18.9 Right R on L NA Neither None Never 160.00
5 Male 20.0 20.0 Right Neither 35 Right Some Never 165.00
6 Female 18.0 17.7 Right L on R 64 Right Some Never 172.72
M.I Age
1 Metric 18.250
2 Imperial 17.583
3 <NA> 16.917
4 Metric 20.333
5 Metric 23.667
6 Imperial 21.000
> tbl = table(survey$Smoke, surveyS$SExer)
> tbl
Freqg None Some
Heavy 7 1 3
Never 87 18 84
Occas 12 3 1
Regul 9 1 7

> chisg.test (tbl)

Pearson's Chi-squared test

data: tbl
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X-squared = 5.4885, df = 6, p-value = 0.4828

Warning message:
In chisqg.test(tbl) : Chi-squared approximation may
be incorrect
> ctbl = cbind(tbl[,"Freqg"], tbl[,"None"] +
tbl[,"Some"])
> ctbl
[,11 [,2]
Heavy yi 4
Never 87 102
Occas 12 7
Regul 9 8
> chisg.test (ctbl)

Pearson's Chi-squared test

data: ctbl
X-squared = 3.2328, df = 3, p-value = 0.3571
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Excel

A B C D
1 |observed
~2 |erm Arsn Rp Vinc
3 a0 68 155
410 43 62 110
5 |coltotals | =SUM(B3:B4) =5UM(C3:C4) =SUM(D3:D4)
_ 6 |expected
T |erm Arsn Rp Vinc
8 1 =3H3*BH5/5HE5 =hH3*C35/5H5 =3H3I*DE5/FHE5
90 =5H4"B35/5HE5 =5H4*CH5/5HE5 =$H4"D55/5H 5
10 =5UM(BE:BY) =5UM(CEB:C9) =5UM(D8:D9)
11 |chi =(B3-B8)*(B3-B8)/BE8 =(C3-C8)*(C3-C8)/C6 =(D3-D8)"(D3-D8)DE
12 =(B4-B9)"(B4-B9)/BY |=(C4-C9)"(C4-C9)/Cs =(D4-D9)"(D4-D9)D9
13
14 |chi-sq =SUM(B11:G12)
15 |pvalue =CHIDIST(B14.5)
E | F | G | H |
Sting Cnng Frd row total
379 18 63 =SUM(B3:G3)
300 14 144 =SUM(B4:G4)
=5UM(E3:E4) =5UM(F3:F4) =5UM[G3:G4) =5UM(H3:H4)
Sting Cnng Frd
=§H3"E55/5HE5 =EH3"F35/5HE5 =§H3"GH5/HE4 =5UM(B8:Ga)
=§H4"E§5/5H 5 =FH4"F35/5HE5 =hH4" G55/ 5HE5 =5UM(B9:G3)
=SUM(ES:E9) =SUM(FB:F9) =SUM(G8:G3) =SUM(HS:H%)
=(E3-E8)*(E3-E8VES =(F3-F8)*(F3-F8)/F8 =(G3-G8)*(G3-G8YGa
=(E4-E9)*(E4-E9VET |=(F4-FI)(FA-FI)F9 =(G4-GI)*(G4-GIVGH
A B |l ¢ | b | E | F | @ H
1 |observed
2 |crm Arsn Rp Vinc Sting Cnng Frd row total
3 1 50 88 155 379 18 63 753
4 0 43 62 110 300 14 144 673
5 |col totals 83 150 265 679 32 207 1426
6 |expected
7 |crm Arsn Rp WVinc Sting Cnng Frd
i) 1 49.10869565 79.20757 1399334 3585463 16.89762 109.3065 7583
g 0 43.89130435 70.79243 1250666 3204537 1510238 97.69355 673
10 93 150 265 679 32 207 1426
11 |chi 0.016176839| 0.976002| 1.622222| 1.166808 0.071915 19.61721
12 0.018099791| 1.09202| 1.815057| 1.305507| 0.080468 21.94312
13
14 |chi-sq 49.73060762
15 |p-value 1.57332E-09
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Correlation and Regression )iy s bl ¥

canl gy e () iy o) e ol EY (5585 ) calibad) Al o 5l o g
Ll (e g sl 138 e 3,88 ALY 5 | Lagin Jay 53 Al A8Mall ¢ 5344 peal lla
Sla g slael gl ¢ Ul e de gana I ghal g o)) 5 sf o AL Al o Jia
By Jaall 5l ¢ Jlanll (e de sane ) 5 )5l 5l OOl e de sane
O & Aaia of ¢ (¥ O J ghall Adia G A8 5 ¢ Y (Ao ganal
CABDka) 038 A 5o il Gaplie alag) a3 1388 5 (1Y)

il Gy dBle dllia LS ¢ (X Y) Cnriall G AB3R) Al o 5L o g
aal day 3l 5Sa Lehay dpaly ) Alalaay Lie il Sy CaS ¢ Y il X
AV il dad Caale 13) (0 puaiall

daala 0O (4e 7 Wade de gaadd X 556l ¥ Jshall e A8l 4 ja L ) 13
Sle) 8 o )5l Ll sy 5 43555 4l sl (el s ST (S0 48 3 g el
4l

(.XI], yl)a (X2, y2)9 secey (xﬂa yn)
Fiay YV ) saall | Cpaalaia g sae i Ll el JE (g ) 5 5W) 028 el

Lol Al Cole ) 8l Qs a5y ¥ Jsdall Qg g onad Y saall s i X (3 5l
. (Scatter Diagram) )Ly IS5 e L Ao Jianid
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LAl gl

(X, V) Oraiciall G 48] dagada Caea Sl g Al 1 g 22l L) JIS
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e aa g Y il e Jay Lae aasa olad) Jga Jasl 53 g 3 e Jaldil) and ) o3

(X Y) Gaoiall G

(2) Jaai Jed&
Aia qifias s ¢ X a8 835 o ¥ o 48 2 3 pfines o J g 8 00 Jalil) 48 () S5
(X, V) Oosiial) (s 3oy 5k Akt 38e 3 ga g

(3 ) Aan Jsi
4ie gl g X w330 ga ¥ alh il A g aiiese Jod Jga b _pufiiie aldil) dgd () S
(X, Y) Orosiadl g dpuSe 4plad A3 2 ga g

(4 ) Laai Je&
Cowdall G dgha e A8e 3 ga g Ada il Aaie g B e Jalil) 4ad (58
(X))

Al 8 (X, Y) Oeomsiall o Bl Y18 58 G Gl alagly K6 Ca g
ALy ¢ (Person) Ossomd Hasll bl ¥ Jalee Leia G paiu g Jads 4l
VY e X owidl Gl o X sl de Vsl lasay) Jad dabas d) o

Coefficient of Linear Correlation (5w (Aadd) Jals ¥ Jalaa
Y i) (e i pday (31 5oil) Gl s sl (ol ol W) Jalas padin
Al il Als A 3ale axding | eSall g X ad ai Ladic

O k) Jalaa
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A Claalaal #1500 Ll S 1Y

(X1, Y1), (X2, 12)5 «. 5 (X, Yn)
Al ) oy ool e pana o gias lans ¢l - Y Jalaa ol
P SUS GsSs XY Gapeiall

- SIS LU Sy ALl 483 i

1))

n 0,0y,

P AUl B ) el 8 ALl ABDR) aia g Ae (e 83 salall i) Al 8 Jiady
2 (x=%)y-3)
(n—ljsxsy

=

Gl Aadd) Tl Y1 Jalaw pailad
Ll an sy ¥y Slelad Giiliie Glialall o &6 Levie jiall (g slud aiad (]
Lt 0sSas . Lash coosdall o BlEY) 05K Ladie nge Jlaie died (2
055 Leie Upmany oaaall aalsl) e Ly g8 can el Jlaiall (958 Lenie

oiall e Ly 8 G sl lasal)
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L 5S¢ Lo Gopsiall (g BliY) 0% Ladie llu Jlaie e (3
Lt e o i Laaie lma g -] laidl (e Alagd (o i Ladie

LaaMa
el aab 8 el O (g Aaandly G psrie G Bl Y Loy pae AdaaSle iy
Lian g 13) Slad (48 candly ) QU i) (8 el ) gags b mally Gl
e ) i 8 oSl (e dlacly dals cilily (e Al (G Wil )
O G Alia o e JaY 1368 4y Sl Cailla gl Jan d sl 1) calily dlula
&b bl Glage Al oy (58 (mSe Bl aa g OIS 1) G i el
oudi 8 ) ilail 35 el Cila o pe e Al sed 8 A sl A jell ASLadl
&b ey 1lal Bl all As ja aliadl (ol dlld i (S D Al ) 5ed

A graall (A (ol Cilege 300 )

Regression Line Jlaai) i

i Y Jiie yaiie Laaaal (X, V) O e load LS 130 a5 Ui o W e
X sl G A8l Jie Al jall Jae i palal Mie Y (S0l 5 4l prie a0
J&il Jue (Sayadls . X daally ¥ oGLay on sl o Y gosl
858 (] (3 3 Baxy Jalii YY1 Jalea b Al joaiaBy | il jonciall o2 L)
(B LI S5 Led 5 AN A Selldg (X, V) Growiadl G bl Y
il 338 g8 Gal i dpaaly; Aalae dlag) e Gias JLilady Aphd 3 ) ya
ey Jad Alslaay e A33al) 03 5 | Jhaall LIS 3 el (e ey aifise
o Lgale lan ) sl (s ¢ L e ¥ 5 ¢ Sline | pria Y (IS 1303
LAl 5y geall e ay X e ¥ lasil ad dlsbaay
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y=mXx + ct+error

atisal) aall Adobes Lo Lagli |yt X il e T i ¥ puiiall 1S 13)
Al AL Jasdy Y e X sl dad Aabeay e

x=m'y +c'+error

(o Badae Al Ul joaiall Ay 5l g8 HlasiV) Jad dlalese dlag) (e s all
0t (e il Jaai¥l d sy e Jpamal) (5Sary . JEiasall skial) oy
STy 53T Y G (e i s asgl 138 (0 ¢l gl ol LY
e aadad ladl g e I (Ao aaiad Y AGy jlay o) bl alay) Al dalsll e
Y il ha il b, ¢ S i e Jgenall sl L) Alattd
Y Shsililla i Y ole X eI s dlla i ', o e Jsmally X e

Dot WS omall Ciley pall 48 ey g7, ¢ G Aad ) (S X e

517
4.5
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Slaaiy) ba e claalia) Jiah ) il il sl e JSG

(X1, V1) 5 ey (Xn . Yn ) Slaaliall #1553 de sana Lol O (i y&

Laglgaydar, ..., a2l e Joanizl g 381 o3l HLEiY) (S5 oy
Yool sehshian ng. aujlhminse s WSy = mx +¢ sy
b, .., by BN L jlaasyi s sl gy | L g, Blalls )l
dsbYioas dy, ..., dyn = aib, ..., anb, JsbN 34y
CN el L epror Wlisew il 5 Jlasi¥l bad e cilaaliall cldl jail ce b5l
7] TERU 1| SCPEIENG WENOY B W VLN E PN | PRV ISP PRp I

. olaaay) Lalauall an

Llad¥) ol ) jaiy) ods oy yo § gne O3S O Y bd gl e dians S
L Ol ) oS La J

d= Zn:(mxiJr c -yl.)2

i=1

LS e 8
Dl dand Haally @l 8l by ¢, m ) Al  Jualily
> y=m) x+x+nc
Day=mY x*+cx

s e daan pilalad) opila Jaag
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s, ¢ e dsanll Sy Leads 45 Hhall

. any-Zszy
2y -(Zy)
c'= Z:x—m’ Z’;ly
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Y=pX+¢

136
144
145
169
176
195
211
224
231
256
281
312
347
377
423
477
553
613

100
110
134
139
138
182
220
271

DY) #3 ga Bakad o g

Gllall e
&
Py
&)
'3 = ﬂ] €= :
e
€13
‘R aladiul

:4d ghaall 48, ol oY ol
(A kil 43 ) 5l )J_;.;i)a;smd\ e BT
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p=(XX)' XY

R & 4l Jaal
X = matrix(c¢(1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,
91,105,109,130,146,155,160,180,200,215,240,275,320,360,410,
460,510,575,11,13,17,19,23,29,36,41,59,82,100,110,134,139,
138,182,220,271) ,byrow=F, 18, 3)

Y = matrix(c(136,144,145,169,176,195,211,224,231,256,281,
312,347,377,423,477,553,613) ,byrow=F,18,1)

XX solve (t (X) %*%X)

XY = £t (X)%*3Y
beta = XX%*%XY
options (digits=4)
beta

[,1]
[1,] 60.4599
[2,] 0.7563
[3,] 0.4135

o
60.4599
B=| 0.7563
0.4135

$ =60.4599 +0.7563x, +0.4135x,, ,i=1,2,...,18
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8 sall (5 bl Unalll yaas

A

£=y—9,i=12..18

Laall ¢l jaie o 3 sall o
e Pi=12,..,18 i

Ye = beta[l]*X[,1l]+beta[2]*X][,2]+beta[3]*X[, 3]

erro = Y-Ye
18 .
o amng Y 22 sUadY) Cilay po g s
i=l

sum(erro”™?2)

[1] 1084
‘;\ﬁu@w\M\wsw

n

k =3

length (Y)

sigma2 = sum(erro”2)/ (n-k)
sigma = sqgrt(sigma2)
sigma
[1] 8.503
15 dan Gla )y 6 = 8.503 (31l (5 lumall Laall 13
rallaall @l jaal (5 jlieall Unall

Sl - ) A ghaal Ll yealic o el sUadY!
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var.beta = sigma2*XX

var.beta

[,1] [,2] [,3]
[1,] 67.6512 -0.665858 1.19755
[2,] -0.6659 0.007659 -0.01451
[3,] 1.1976 -0.014508 0.02819

id ghadll L
diag(var.beta)

[1] 67.651189 0.007659 0.028188

alleall 4y jlixal) cUad¥l
sqrt (diag(var.beta))
[1] 8.22503 0.08752 0.16789

=60.4599+0.7563x, +0.4135x, ,i=1,2,...,18

(8.225) (0.088) (0.168)
~naal) Jalzs
AL daay Jamdl) e R? aaail) Jalas

R2 <- l-sum(erro”2)/sum( (Y-mean(Y))"2)
R2
[1] 0.9969

Jazall Rj vl Jeles lual
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n—1
R =1-(1-R?)
n—k
R22 <- 1-(1-R2)*(18-1)/(18-3)
R22
[1] 0.9965
(SEIER I RPIRTEN)
;gjyuicﬁﬂ\4&£Ldt,lﬁL»d\Chtﬁild\dggaiicaﬂtu Ja Hoids Cagw
H,: B =0
[% =0
H,:RB=r
JUITEN
B
R 010 B ﬁ‘) 0
= ) = ,l'=
0 0 1 : 0
5,
F 4l caad g
A 4 . -1 A
(Rﬂ—r) R(X'X)'R (Rﬂ—r)/q
F = .
>s
i=1
n—k
2 L (g sbon g 4y jhiall i Hill e 5gill 2ae 2 8 g Cua
R = matrix(c(0,1,0,0,0,1),2,3,byrow=T)
r = matrix(c(0,0),2,byrow=T)
q =2

(t (R¥*¥beta-r) s*ssolve (RE*3XX3*3t (R) ) $*% (R¥*3beta-

r)/q)/ (sum(erro~2)/ (n-k))
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[,1]
[1,] 2450
qf (0.95,2,15)
[1] 3.682

A ieall Ay il (=d 55 Lild 2450 €[3.682,00) o s
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;SJ«dﬁLﬂ\i@g}ﬁ“gkﬁﬁ

JIm alasiuly

summary (Im(Y~X[,2]1+X[,3]))
Call:
Im(formula = Y ~ X[, 2] + X[, 31)
Residuals:

Min 10 Median 30 Max
-13.22 -4.85 -1.60 4.58 15.83
Coefficients:

Estimate Std. Error t wvalue Pr(>|t])

(Intercept) 60.4599 8.2250 7.35 2.4e-06 ***
X[, 2] 0.7563 0.0875 8.64 3.3e-07 ***

X[, 3] 0.4135 0.1679 2.46 0.026 *

Signif. codes: 0 “***" (0.001 ‘**" 0.01 ‘*’ 0.05 '.” 0.1 !
1

Residual standard error: 8.5 on 15 degrees of freedom
Multiple R-squared: 0.997, Adjusted R-squared: 0.997
F-statistic: 2.45e+03 on 2 and 15 DF, p-value: <2e-16

Excel
sl A

SUMMARY OUTPUT
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Regression Statistics

Multiple R 0.998473
R Square 0.996948331
Adjusted R Square  0.996541442
Standard Error 8.502626793
Observations 18
ANOVA
df SS MS
Regression 2 354268.6912 177134.3456
Residual 15 1084.419936 72.29466238
Total 17  355353.1111
Coefficients Standard Error t Stat
Intercept 60.45994709 8.225034304 7.350722788
x1 0.75634722 0.087517909 8.642199411
x2 0.413493537 0.167893881 2.462826727
F Significance F

2450.171835 1.36154E-19

P-value Lower 95%  Upper 95% Lower 95.0% Upper 95.0%
2.40303E-06 42.92870154 77.99119264 42.92870154 77.99119264
3.28542E-07 0.569807214 0.942887226 0.569807214 0.942887226
0.026368095 0.055636203 0.771350871 0.055636203 0.771350871
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51 95 70 74 73
91 72 33 89 50
62 82 87 76 91
71 96 81 88 64
80 81 75 85 74

> student_scores =

90
80
76
82
90

71
72
87
73
33

74
34
75
57
66

90
85
78
86
77

67
69
79
70
91

c(67,90,74,71,90,73,74,70,95,51,69,85,84,72,80,50,89,83,72,
91,79,78,75,87,76,91,76,87,82,62,70,86,57,73,82,64,88,81,96
,71,91,77,66,83,90,74,85,75,81,80)

> student_scores

[1] 67 90 74 71 90 73 74 70 95 51 69 85 84 72 80 50 89 83

72 91 79 78 75 87 76

[26] 91 76 87 82 62 70 86 57 73 82 64 88 81 96 71 91 77 66

83 90 74 85 75 81 80
>

> mean (student_scores)
[1] 77.86

> sd(student_scores)
[1] 10.51337

> library (mosaic)

> tally(student_scores)
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> histogram(student scores)

> t.test(student scores, alternative = c("two.sided") ,mu =

75,conf.level = 0.95)

One Sample t-test

data: student_scores
t = 1.9236, df = 49, p-value = 0.06023
alternative hypothesis: true mean is not equal to 75
95 percent confidence interval:
74.87213 80.84787
sample estimates:
mean of x

77.86

30 B

25 B

20 B

Percent of Total
o
1
T

T T T T T T
50 60 70 80 90 100

student_scores
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oL (B paa) 328 ila il o a4l il

Exam Data

Student Exam 1 Exam 2
1 93 98
2 88 74
3 89 67
4 88 92
5 67 83
6 89 90
7 83 74
8 94 97
9 89 96
10 55 81
11 88 83
12 91 94
13 85 89
14 70 78
15 90 96
16 90 93
17 94 81
18 67 81
19 87 93
20 91 83
Excel Data Analysis Tools sPython s R alaaiul €eall dilas ) @l glaall JS 2a f

(EDAT)
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:EXCEL s Python s R 4slaay) ajal
Al clibian ) pany Glual Alaay) o jall (s (o jaiud Cisu

rDEAY) 5 43S sall de S Gupliae 1Y )

0 L Y PPN R
x = 13.3,19,20,8,18,22,20,31,21,12,16,12,24
y = 22,26,16,16,16,21.7,23.2,21,28,30,23

b giall
R s -1

> x = ¢(13.3,19,20,8,18,22,20,31,21,12,16,12,24)

> mean (x)

Python 4«j~ -2
>>> import numpy as np
>>> x = (13.3,19,20,8,18,22,20,31,21,12,16,12,24)

>>> np.mean (x)

Excel il 4aén -3
13.3
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19
20
8
18
22
20
31
21
12
16
12
24
=AVERAGE (A2:A14)

sas o)

rd

R
> x = c(13.3,19,20,8,18,22,20,31,21,12,16,12,24)

> median (x)

Python
>>> x = (13.3,19,20,8,18,22,20,31,21,12,16,12,24)

>>> np.median (x)

EXCEL
=MEDIAN (A2:A14)
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MEDIN
13.3 19
19

20

18
22
20
31
21
12
16
12
24
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:R < SUMMARY 4

> x = c¢(13.3,19,20,8,18,22,20,31,21,12,6,12,24)

> summary (x)

:Python.pandas .2 DESCRIBE 4\

>>> import pandas as pd
>>> x = pd.DataFrame (x)
>>> x.describe()

»aidi s EXCEL 2 DATA ANALYSIS TOOLS clibal) Judas & gai
:DAT
(= DAT dad

Options -> Add-Ins -> Manage [Excel Add-ins] Go
Analysis ToolPak _ual ai
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Add-Ins available;

Analysis ToolPak
|| Analysis ToolPak - VBA
Euro Currency Tools
Solver Add-in

Cancel

Browse...

Automation...

Analysis ToolPak
wwaiglly ilasyl Jubsill SUlull Julsg Gilgsl 67

e—i
OK

Data Analysis sl DATA o«

FILE HOME  INSERT  PAGE LAYOUT  FORMULAS DATA | REVIEW  VIEW  ACROBAT

[% [% [[% Ej:)- E:E« @ [#] Connections Al Y }Clear

. Properties ] 4 Reapply
Fromm From From From Other Existing Refresh o f.l Sort Filter
Access Web Text Sources- Connections  All~ [ Edit Links W Advanced
Get External Data Connections Sort & Filter

E:H E,g = E"E’ ﬁ D/I:ID -) €15 gEg *=ShowDetail 5 Data Analysis
[=E=] ® LE =

L8 BEES —=ijgeDetail % Solver
Textto Flash Remove Data Consolidate What-If Relationships Group Ungroup Subtotal
Columns  Fill  Duplicates Validation Analysis ~ - -
Data Tools Outline [ Analysis
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Analysis Tools

Anova: Two-Factor Without Replication
Correlation
Covariance
scriptive Statistics
Exponential Smoathing
F-Test Two-Sample for Variances
Fourier Analysis
Histogram
Maoving Average
Random Mumber Generation

Input
Input Range: | fA$1:5A514

Grouped By: (® Columns

O Rows

Labels in first row

Output options

(®) Output Range: | 5C31
O MNew Waorksheet Ply: |

O Mew Workbook

Summary statistics
|:| Confidence Level for Mean:

|:| Kth Largest:

|:| Kth Smallest:
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A

1 X

2 13.3
3 19
4 20
5 3
6 18
7 22
8 20
9 31
10 21
11 12
12 16
13 12
14 24

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis
Skewness

Range

Minimum
Maximum

Sum

Count

18.17692308
1.67309608

19
20

6.032433705
36.39025641
0.519983741
0.334378727

23

8

31
236.3
13
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sdabia ¢l) cilibaal)

Summary Statistics

max(x), min(x), sum(x), mean(x), median (x),
range (x) ,var (x) , sort(x), rank(x), order(x),

quatile (x) , cumsum(x) ,cumprod(x), etc

Example:

X = c(13.3,19,20,8,18,22,20,31,21,12,16,12,24)
max (x)
min (x)

sum (x)
mean (x)
median (x)
range (x)
var (x)
sort (x)
rank (x)
order (x)
quatile (x)

cumsum (x)

vV VV VV V V V V V V YV V.YV

cumprod (x)
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2- Python

>>> x.max ()
>>> x.min ()
>>> x.sum()

>>> x.mean|()

>>> x.median ()
>>> x.var ()

>>> x.std()

>>> x.skew()

>>> x.kurt()

>>> x.quantile()
3- Excel

=AVERAGE (A2:A14)

=COUNT (A2:A14)

=KURT (A2:A14)

=LARGE (A2:A14,2)

=MAX (A2:A14)

=MEDIAN (A2:A14)

=MIN (A2:A14)
=MODE . MULT (A2 :A14)
=MODE . SNGL (A2:A14)
=PERCENTILE.EXC (A2:A14,0.5)
=QUARTILE.EXC (A2:A14,1)
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=SKEW (A2:214)
=SMALL (A2:A14,3)
=STDEV.P (A2:A14)
=VAR.P (A2:A14)

Categorical Data Analysis 43 sidll cUbal) Julas

Gk asl 5 i 5 ansi) G sinsall e Gul & gidl) lill) Bl U S3 LS
L suii Al s Contingency Tables <SYWisY) Jglaa i yb g 055 Leldas
Measures of e Gl il 5 38 53l Jalaa 5 ) SBY) Jalae (consy

Al ALY b Lgusm e Chg s Association

R

> auto = read.csv("http://www-
bef.usc.edu/~gareth/ISL/Auto.csv")
> head (auto)

y = auto$weight

z = auto$origin

table(z,y)

table(y, z)

b =auto$cylinders

table (b)

table (b, z)

table(b,y)

vV V V V V V V VvV YV
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Python

>>>

bef.

>>>
>>>
>>>
>>>
>>>
>>>
>>>

auto = pd.read csv("http://www-
usc.edu/~gareth/ISL/Auto.csv")

auto.head()

y = auto.weight

z = auto.origin
pd.crosstab (y, z)
pd.crosstab(z,y)

b = auto.cylinders

pd.crosstab (b, z)

Excel
Al z 8l Gaall 13 Pivot Tables 35S0l 5 ) ssall Jglas o) & aasius
ALY Ja e YWY 5 elany) galie " QLS kil 33850 Jglaa o0

" 520 dena 3 gana” 5 "5y aale gline " Calli M) gy Sae aladiuly
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