R programma

Didzis Elferts



Lekcijas temas

- Par programmu R

- Komandu veidoSana
- Datu importésana

- Darbs ar datiem

- Pamatstatistiskie testi
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R prieksrocibas

- Atverta koda programma, kas nepartraukti tiek papildinata un uzlabota
- R var tikt izmantots uz dazadam platformam: Linux, Windows, MacOS

- Lielaka dala statistisko metozu un aprékinu ir ieklauts Saja programma
- Lietotajam ir iespejams kontrolét visus parametrus veicot aprekinus

- Loti labas grafiskas iespéjas, kas lauj veidot augstas kvalitates grafikus
- lespéja veidot pasam savas funkcijas

- Var nodrosinat reproducéjamibu (reproducible)

3/130



R trukumi

- Léns "macisanas" temps
- Daléjs trukums - komandu rindas
- Gruti izsekot lidzi visam papildus paketem

- Ne vienmeér var atri atrast nepievieSamo
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Noderigas majaslapas

- Programmas R un ar to saistito materialu majaslapa http://www.r-project.org/
- RStudio IDE majaslapa http://www.rstudio.com

- Blogu apkopojums par R saistitam lietam http://www.r-bloggers.com/

- R blogs latvieSu valoda http://rvide.wordpress.com/

- Pamacibas darba ar R latvieSu valoda http://dendro.daba.lv/R

- R gramatas melnraksts latvieSu valoda http://dendro.daba.lv/R/gramata/

- Video pamacibas darba ar R anglu valoda http://www.twotorials.com/

- Jautadjumu un atbilzu lapa Stack overflow http://stackoverflow.com/

- MekléSanas riks visas R paketés http://www.rdocumentation.org/
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Piemers

data(cars)
cor.test(cars$speed, cars$dist)

Pearson's product-moment correlation

HHt
#Ht
#Ht
## data: cars$speed and cars$dist

# t = 9.464, df = 48, p-value = 1.49e-12

## alternative hypothesis: true correlation is not equal to 0
## 95 percent confidence interval:

## 0.6816422 0.8862036

## sample estimates:

#H# cor

## 0.8068949
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Piemers

summary (lm(dist~speed,data=cars))

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

Call:
Im(formula = dist ~ speed, data = cars)
Residuals:

Min 1Q Median 3Q Max
-29.069 -9.525 -2.272 9.215 43.201
Coefficients:

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

(Intercept) -17.5791 6.7584 -2.601 0.0123 *
speed 3.9324 0.4155 9.464 1.49e-12 ***
Signif. codes: 0 '***' @.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
Residual standard error: 15.38 on 48 degrees of freedom

Multiple R-squared: 0.6511, Adjusted R-squared: 0.6438
F-statistic: 89.57 on 1 and 48 DF, p-value: 1.49e-12
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Piemers

plot(cars$dist~cars$speed)
abline(lm(dist~speed,data=cars))

cars$dist
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Komandu veidosana

- Visas komandas tiek rakstitas péec ">" zimes

- Lai komandu rindai pievienotu komentaru, pirms ta ir jaraksta “#”

- Atstarpes komandas parasti tiek ignoretas, iznémums ir rakstot “<-"

- Ja komanda ir parak gara, tad to var sadalit vienkarsi ar Enter taustinu

- lztrakstosas vertibas programma R apzimé ar NA
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Palidzibas iegusana

help.start()

help(plot)
args(cor)

# function (x, y = NULL, use = "everything", method = c("pearson",
#H "kendall", "spearman"))
## NULL

example(plot)
Majaslapa:

http://www.rdocumentation.org/

10/130



R paketes

- Bazes R programma ir tikai neliela dala no iespéjam, ko piedava R

- Papildus iespéjas (funkcijas) pieejamas ka paketes (library), kuras no
sakuma jauzinstale (ja tas jau nav izdarits) un tad japievieno (tas jadara
katra sesija)

- Pakesu instalacija notiek ar funkciju install.packages(), bet
pievienoSana darba sesijai ar funkciju library().

instal.packages("ggplot2")
library(ggplot2)
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R ka kalkulators

R var tikt izmantots ka vienkarss kalkulators

4+7

# [1] 11
log(8,2)

# [1] 3

exp(2)

## [1] 7.389056
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Datu importesana

read.table(file="/../faila.nosaukums.txt”, header=TRUE, sep="\t",dec=".")

Kolonnu atdalitaja sep= vertibas var but: "\t” ” , " " ; "

n n

Decimaldalu atdalitajs faila dec= varbut ”.” vai ”,

Pec noklusejuma visas teksta kolonnas tiek parveéerstas par faktoriem. To
var noverst pievienojot argumentu stringsAsFactors=FALSE.

Garo saiti uz failu var nerakstit, ja fails atrodas darba direktorija (Working
directory) (var nomainit ar File/Change dir...)
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Darba direktorija

getwd ()
## [1] "/home/didzis/Dropbox/DidzaDati/2015/Kursi pasniedzejiem"

setwd("/home/didzis/Documents")

getwd()

# [1] "/home/didzis/Documents"”
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Datu importesana

dati <- read.table(file="niedres.txt",header=T,
sep=ll\tll’ deC=II , II)

dati2 <- read.csv2(file="niedres.txt",header=T,
Sep=ll\tll , dec=ll , II)

dati

#Ht garums platums

## 1 31.6 2.5
#H 2 23.2 2.3
## 3 39.2 2.1
## 4 37.4 5.8
## 5 21.1 2.2
## 6 37.0 4.1
#HE 7 24.7 3.5
## 8 31.3 4.2
## 9 37.4 2.5
# 10 39.7 2.8
# 11  38.0 4.3
## 12 24.9 1.1
# 13 30.8 1.9
# 14  26.7 0.4
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Datu eksportesana

Datus, kas izveidoti R ka datu tabulas, visertak var eksportét ka . txt vai
.csv failus.

write.table(x=tas.kas.jaeksporte,
file="/saite/uz/failu/failanosaukums.txt",
Sep="\t“’dec=” .II)

write.table(x=dati, file="eksports.txt",sep="\t",dec=".")

Eksportéjot pec nokluséjuma tiek eksporteti ari rindinu nosaukumi. Ja tos
nevajag, tad japievieno arguments row.names=FALSE
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Datu struktura

Funkcija str() lauj apskatit kada veida dati ir objekta, ka ari So datu
pirmas vertibas.

str(dati)

## 'data.frame': 50 obs. of 2 variables:
# $ garums : num 31.6 23.2 39.2 37.4 21.1 37 24.7 31.3 37.4 39.7 ...
# $ platums: num 2.5 2.3 2.15.82.24.13.54.22.52.8...
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Faktors

- Ipass datu veids, kas lauj veidot nominalas un kartas datus
statistiskajam analizem un grafikiem

- Péc noklusejuma faktora limenu seciba tiek veidota alfabétiski

- Faktoram nevar vienkarsi pievienot citus datus, ja tie nav starp
nodefinétajiem limeniem
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Faktors

Otrais <_ C(”AII , IIBII , IICII , IIDII , IIEII , IIFII)
otrais

# [1] IIAII IIBII IICII IIDII IIEII IIFII

otrais. fakt<-factor(otrais)
otrais. fakt

# [1] ABCDEF
## Levels: ABCDEF
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Faktors

Lai faktora limeniem butu cita seciba, tad to maina ar argumentu levels=

otrais.fakt <- factor(otrais, levels=c("D","A","C","B","E","F"))

otrais. fakt

# [1] ABCDEF
## Levels: DACBEF
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Objekta dimensijas

dim(dati) #datu tabula

# [1] 50 2
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Nosaukumi

names (dati)

# [1] "garums" "platums"
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Datu apskatisana

head(dati)

##  garums platums
# 1 31.6 2.5
#H 2 23.2 2.3
# 3 39.2 2.1
#H 4 37.4 5.8
# 5 21.1 2.2
#H 6 37.0 4.1

tail(dati,n=3)

H#H garums platums
#H 48 43.1 3.7
# 49 38.8 3.9
## 50 46.9 5.4
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Datu atlasiSana - datu tabula

Kolonnas atlasiSana

dati$garums

# [1] 31.6 23.2 39.2 37.4 21.1 37.0 24.7 31.3 37.4 39.7 38.0 24.9 30.8 26.7
# [15] 34.7 33.3 59.0 17.7 24.3 41.4 49.1 46.2 11.9 39.5 45.3 39.6 45.8 31.0
## [29] 39.9 56.4 37.3 41.1 45.3 49.3 24.9 51.7 40.6 43.5 48.9 31.6 53.6 53.5
## [43] 26.9 35.7 46.1 29.1 33.7 43.1 38.8 46.9

dati["garums"]

#H garums

## 1 31.6
## 2 23.2
## 3 39.2
# 4 37.4
## 5 21.1
## 6 37.0
#H 7 24.7
## 8 31.3
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## 9 37.

PRIV -~



Datu atlasiSana - datu tabula

Kolonnas atlasiSana

dati[,1]

# [1] 31.6 23.2 39.2 37.4 21.1 37.0 24.7 31.3 37.4 39.7 38.0 24.9 30.8 26.7
# [15] 34.7 33.3 59.0 17.7 24.3 41.4 49.1 46.2 11.9 39.5 45.3 39.6 45.8 31.0
## [29] 39.9 56.4 37.3 41.1 45.3 49.3 24.9 51.7 40.6 43.5 48.9 31.6 53.6 53.5
## [43] 26.9 35.7 46.1 29.1 33.7 43.1 38.8 46.9

dati[,1,drop=FALSE]

#H garums

## 1 31.6
## 2 23.2
## 3 39.2
# 4 37.4
## 5 21.1
## 6 37.0
#H 7 24.7
## 8 31.3
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## 9 37.

PRIV -~



Datu atlasisana - rindina

Rindinas atlasisana
dati[1,]

#  garums platums
# 1 31.6 2.5
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Datu atlasiSsana - viens ieraksts

Viena elementa atlasisana
dati[1,2]

## [1] 2.5
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Datu atlasisana - vektors

dati$garums([1]

## [1] 31.6
dati$garums[c(1,4)]
# [1] 31.6 37.4
dati$garums|[-3]

# [1] 31.6 23.2 37.4 21.1 37.0 24.7 31.3 37.4 39.7 38.0 24.9 30.8 26.7 34.7
# [15] 33.3 59.0 17.7 24.3 41.4 49.1 46.2 11.9 39.5 45.3 39.6 45.8 31.0 39.9
## [29] 56.4 37.3 41.1 45.3 49.3 24.9 51.7 40.6 43.5 48.9 31.6 53.6 53.5 26.9
## [43] 35.7 46.1 29.1 33.7 43.1 38.8 46.9
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Darbs ar datiem

garums

Error: object 'garums' not found

Programma R datu tabulu kolonnas automatiski netiek uzskatitas par
atseviskiem mainigiem
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Darba vides sakartosana

Atmina esoSo objektu apskatisana
Ls()

## [1] "bietes" "cars" "dati"
#t [6] "otrais.fakt"

Objekta dzésana

rm(otrais)

"dati2"

"otrais"
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Paraugkopas grafiska analize



Paraugkopas grafiska analize

Pirms datu analizes vienmeér ieteicams veikt datu grafisko analizi, jo:

- tas lauj atrast kludainas vai ekstrémas vertibas, kuras nav redzamas
vienkarsi apskatot datus

- lauj novértét vai datos redzamas kada grupésanas

- lauj noverteét saistibas starp mainigajiem
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Dati

niedr<-read.table(file="niedres2.txt",
header=TRUE, sep="\1",dec=".")

str(niedr)

## 'data.frame': 50 obs. of 3 variables:

# $ garums : num 31.6 23.2 39.2 37.4 21.1 37 24.7 31.3 37.4 39.7 ...

# $ platums: num 2.5 2.3 2.1 5.8 2.2 4.1 3.54.22.52.8...

## $ paraug : Factor w/ 3 levels "Austr","Riet",..: 1111111111...
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Grafiska analize

plot(niedr$garums)
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Grafiska analize

plot(niedr$garums,niedr$platums)
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Grafiska analize

dotchart(niedr$garums)
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Grafiska analize

dotchart(niedr$garums,groups=niedr$paraug, pch=as.numeric(niedr$paraug))
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Grafiska analize

boxplot (niedr$garums)
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Grafiska analize

Boxplot attéla ir paradits:
- mediana - vidéja tumsa linija;
1. un 3. kvartile - taisnstura apak3é&ja un augseja mala;

- minimala un maksimala veértiba - apakséjais un augséjais nogrieznis (ja
nav ekstremu vertibu);

- ja kada vertiba ir talak neka 1,5 reizes par 3. un 1. kvartiles starpibu
(taisnstura augstums), tad Sis vértibas paradas ka atseviski punkti.
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Grafiska analize

boxplot (niedr$garums~niedr$paraug)
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Grafiska analize

stripchart(niedr$garums,method="stack",vert=TRUE)
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Grafiska analize

hist(niedr$garums)

Histogram of niedr$garums
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"Izlecosas" vertibas

Ja datos tiek konstatéta "izlecosa" vertiba:

- Japarliecinas, ka ta nav ievadisanas kluda (pieméram, 1.80 vieta
uzrakstits 18.0)

- Varbat tas tieSam ir tikai ekstréms, bet reals novérojums. Sada
gadijuma ir vérts analizes uztaisit ar un bez Sis vértibas

- Ja vértiba tiesam ir kltdaina ("izlécosa") un to ir jaizdzéss, tad Sis
process ir arl japiemin metodes pie datu apstrades
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Atbilstiba normalajam sadalijjumam

- Grafiska parbaude

- Analitiska parbaude
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Grafiska parbaude - histogramma

par(mfrow=c(1,2))
hist(niedr$garums,breaks=20)
hist(niedr$garums,breaks=10)

Histogram of niedr$garums
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Grafiska parbaude - QQplot 1

ggnorm(niedr$garums)
gqline(niedr$garums)

Normal Q-Q Plot

Sample Quantiles

Theoretical Quantiles
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Grafiska parbaude - QQplot 2

library(car)
gqPlot(niedr$garums)

niedr$garums

norm quantiles
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Analitiska parbaude - Sapiro tests 1

shapiro.test(niedr$garums)

##

## Shapiro-Wilk normality test
#H#

## data: niedr$garums
#H#W=0.991, p-value = 0.9668

Secinajums: pie batiskuma limena a = 0, 05 niedru garuma datu

sadalijums butiski neatskiras no normala sadalijuma, jo ieguta p vértiba ir
lielaka par butiskuma limeni.
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Statistiskie raditaji



Statistiskie raditaji 1

Vidéjo aritmétisko, standartnovirzi, dispersiju un medianu aprekina attiecigi ar funkcijam mean(),

sd(), var() un median(). Visam Sim funkcijam ka arguments janorada skaitlu vektors/viena
kolonna.

mean(niedr$garums)
[1] 37.594
sd(niedr$garums)

[1] 10.31332
var(niedr$garums)
[1] 106.3647
median(niedr$garums)

[1] 38.4
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Statistiskie raditaji 2

Skaitlu noapaloSanai izmanto funkciju round(), kura norada vienu skaitli,
vai objektu ar vairakiem skaitliem un decimaldalu skaitu aiz komata.

round (mean(niedr$garums),1)

[1] 37.6
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Statistiskie raditaji 3
X <- c(1:20,NA)

mean (x)

[1] NA

mean (x,na. rm=TRUE)

[1] 10.5

Daudzas funkcijas R dod rezultatu NA, ja kada no apstradajamam
vértibam ari ir NA. Tapéc janorada, ko darit ar Sim NA vértibam.
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Statistiskie raditaji 4

Minimalo un maksimalo vertibu aprekina ar funkcijam min() un max(), vai
art ar funkciju range() var aprékinat abas vertibas uzreiz,

min(niedr$garums)
[1] 11.9

max (niedr$garums)
[1] 59
range(niedr$garums)

[1] 11.9 59.0
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Statistiskie raditaji 5

Kvartiles aprékina ar funkciju quantile(). Ja nepiecieSams aprékinat
procentiles, vai ari tikai kadu no kvartiléem, tad papildus norada argumentu
probs= un vajadzigo raditaju izteiktu decimaldalas.

quantile(niedr$garums)

0% 25% 50% 75%  100%
11.900 31.075 38.400 45.300 59.000

quantile(niedr$garums,probs=c(0.025,0.975))

2.5% 97.5%
18.465 55.770
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Statistiskie raditaji 6

Ja funkcija summary () ievieto skailu vektoru, rezultata ieglst sesus
statistiskos raditajus, kas to raksturo.

summary (niedr$garums)

Min. 1st Qu. Median Mean 3rd Qu. Max.
11.90 31.08 38.40 37.59 45.30 59.00
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Statistiskie raditaji 7

Ja funkcija summary () ievieto datu tabulu, rezultata katrai skaitliskajai
kolonnai iegust sesus statistiskos raditajus, bet faktoram/rakstu zimju
kolonnai iegust vértibu atkarosanas biezumu.

summary(niedr)

garums

Min.
1st Qu.:
Median :
Mean
3rd Qu.:
Max .

:11.
.07
.40
.59
.30
.00

90

platums

Min.
1st Qu.:
Median
Mean

3rd Qu.:
Max .

:0.400

2.500

:3.900
:3.892

5.100

:7.100

paraug
Austr:17
Riet :17
Ziem :16
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Paraugkopu salidzinasana



Dati 1

niedr2<-read.table(file="lapas.txt",

str(niedr2)

## 'data.frame': 34 obs. of 3 variables:

# $ garums : num 31.6 23.2 39.2 37.4 21.1 37 24.7 31.3 37.4 39.7 ...
# $ platums: num 2.5 2.3 2.1 5.8 2.2 4.1 3.54.22.52.8...

## ¢ paraug : Factor w/ 2 levels "Austr","Riet": 1111111111...

header=TRUE, sep="\t",dec=".")
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Dati 2

summary(niedr2)

garums

Min.
1st Qu.:
Median
Mean

3rd Qu.:
Max.

:21.
30.
:37.
:37.
.40

43

159,

10
93
20
29

00

platums

Min.
1st Qu.:
Median
Mean

3rd Qu.:
Max.

:0.400

2.500

:3.650
:3.679

4.600

:6.900

paraug
Austr:17
Riet :17
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Dispersiju salidzinasana 1

Dispersiju salidzinasanu ar F testu veic izmantojot funkciju var.test().

Funkcijai ka argumentus var nordatis divas datu kolonnas, kas atdalitas ar
komatu, vai ari datu kolonnu un grupu kolonnu, kas atdalitas ar tildes zimi.

var.test(pirma.paraugkopa,otra.paraugkopa)

var.test(datu.kolonna~grupu.kolonna)
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Dispersiju salidzinasana 2

var.test(niedr2$garums~niedr2$paraug)

F test to compare two variances

data: niedr2%$garums by niedr2$paraug
F = 0.8949, num df = 16, denom df = 16, p-value = 0.827
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.3240865 2.4711930
sample estimates:
ratio of variances
0.8949191
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Dispersiju salidzinasana 3

Secinajums: Pie bltiskuma limena a = 0, 05 divu paraugkopu dispersijas
ir homogénas (neatskiras butiski), jo ieguta F-vértiba ir 0,89 un p-vértiba ir
0,827 (lielaka par 0,05). Ja skatas uz F vertibas ticamibas intervalu, tad tas
satur skaitli viens (0,32 lidz 2,47), tatad dispersijas ir lidzigas
(homogenas).
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Videjo aritmetisko salidzinasana 1

Vidéjo aritmeétisko salidzinasanai izmanto funkciju t.test(). Ja pirms tam
pieradits, ka dispersijas neatskiras, tad japievieno arguments
var.equal=TRUE.

Funkcijai ka argumentus var nordatis divas datu kolonnas, kas atdalitas ar
komatu, vai ari datu kolonnu un grupu kolonnu, kas atdalitas ar tildes zimi.

t.test(datu.kolonna~grupu.kolonna,var.equal=TRUE)

t.test(paraugkopal, paraugkopa2,var.equal=TRUE)
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Videjo aritmetisko salidzinasana 2

t.test(niedr2$garums~niedr2$paraug,var.equal=TRUE)

Two Sample t-test

data: niedr2$garums by niedr2$paraug
t = -2.4034, df = 32, p-value = 0.02221
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-13.899897 -1.147161
sample estimates:
mean in group Austr mean in group Riet
33.52941 41.05294
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Videjo aritmetisko salidzinasana 3

Secinajums: Pie bltiskuma limena a = 0, 05 pastav statistiski batiska
atskiriba starp Autrumu un Rietumu parauglaukumu vidéjiem niedru lapu
garumiem (p-vertiba=0,022). Videjo aritmetisko starpibas 95% ticamibas

intervals ir no -13,89 lidz -1,15. Intervals nesatur 0 (ja saturetu O, tad tas
noraditu, ka atskiriba nav batiska).
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Saistitu paraugkopu videjo aritmetisko salidzinasana 1

Saistitu vai atkarigu paraugkopu videjo aritmétisko salidzinasanu veic ar
funkciju t.test(), kurai papildus ieklauj argumentu paired=TRUE. Si testa
veiksanai abu paraugkopu datiem obligati jaatrodas katrai sava kolonna.

t.test(x,y,paired=TRUE)
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Saistitu paraugkopu videjo aritmetisko salidzinasana 2

rokas <- read.table(file="rokas.txt",header=TRUE,
sep=II\.tII , deC=II , 1 )

str(rokas)

## 'data.frame': 25 obs. of 2 variables:
# $ laba : num 32.9 39.7 26.9 38.8 58 50.6 31.4 68.7 65.2 31.8 ...
## $ kreisa: num 21.9 39.2 29.9 34.8 48.7 51.4 34.5 56.4 57.5 27.8 ...
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Saistitu paraugkopu videjo aritmetisko salidzinasana 3

t.test(rokas$laba, rokas$kreisa, paired=TRUE)

Paired t-test

data: rokas$laba and rokas$kreisa
t = 4.4743, df = 24, p-value = 0.0001581
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
2.413454 6.546546
sample estimates:
mean of the differences
4.48
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Saistitu paraugkopu videjo aritmetisko salidzinasana 4

Secinajums: Pie bltiskuma limena a = 0, 05 pastav statistiski batiska
atskiriba starp labas un kreisas rokas spéku (p-vértiba <0,001). Vidéja
paru starpiba ir 4,48 un tas 95% ticamibas intervals ir no 2,41 lidz 6,54.
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T-tests vienai paraugkopai 1

Lai parbauditu vienas paraugkopas vertibu atbilstibu zinamai vertibai
(generalkopas vidéjam aritmétiskajam), izmanto funkciju t.test (), kurai
ka papildus argumentu norada zinamo vertibu mu=.

t.test(analizéjama.paraugkopa,mu=zinama.vértiba)
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T-tests vienai paraugkopai 2

t.test(niedr2$platums,mu=3.0)

One Sample t-test

data: niedr2$platums
t = 2.5592, df = 33, p-value = 0.01526
alternative hypothesis: true mean is not equal to 3
95 percent confidence interval:
3.139297 4.219526
sample estimates:
mean of x
3.679412
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T-tests vienai paraugkopai 3

Secinajums: pie bitiskuma limena a = 0, 05 niedru lapu platums
pétitaja teritorija buatiski atskiras no vértibas 3 mm (p vértiba ir 0,0156).
Niedru lapu platumu videjais aritmeétiskais ir 3,68 un ta 95% ticamibas
intervals ir no 3,14 hdz 4,22 (nesatur vertibu 3,0).
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Neparametriskas metodes - neatkarigas paraugkopas
1

Neatkarigu paraugkopu salidzinasanai ar neparametriskajam metodém
izmanto funkciju wilcox.test ().

Funkcijai ka argumentus var nordatis divas datu kolonnas, kas atdalitas ar
komatu, vai ari datu kolonnu un grupu kolonnu, kas atdalitas ar tildes zimi.

wilcox.test(datu.kolonna~grupu.kolonna)

wilcox.test(pirma.paraugkopa,otra.paraugkopa)
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Neparametriskas metodes - neatkarigas paraugkopas
2

wilcox.test(niedr2$garums~niedr2$paraug)

Warning in wilcox.test.default(x = c(31.6, 23.2, 39.2, 37.4, 21.1, 37,
24.7, : cannot compute exact p-value with ties

Wilcoxon rank sum test with continuity correction
data: niedr2$garums by niedr2$paraug

W =75, p-value = 0.01745
alternative hypothesis: true location shift is not equal to 0
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Neparametriskas metodes - neatkarigas paraugkopas
3

Secinajums: Pie bitiskuma limena a = 0, 05 starp Austrumu un Rietumu
parauglaukumu niedru lapu garumu vertibu sadalijumiem pastav
statistiski butiska atskiriba (p vértiba 0,017).
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Neparametriskas metodes - atkarigas paraugkopas 1

Saistitu vai atkarigu paraugkopu veértibu sadalijuma salidzinasanu veic ar
funkciju wilcox.test (), kurai papildus ieklauj argumentu paired=TRUE. Si
testa veikSanai abu paraugkopu datiem obligati jaatrodas katrai sava

kolonna.

wilcox.test(pirma.paraugkopa,otra.paraugkopa, paired=TRUE)
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Neparametriskas metodes - atkarigas paraugkopas 2

wilcox.test(rokas$laba, rokas$kreisa, paired=TRUE)

Warning in wilcox.test.default(rokas$laba, rokas$kreisa, paired = TRUE):
cannot compute exact p-value with ties

Wilcoxon signed rank test with continuity correction
data: rokas$laba and rokas$kreisa

V = 291.5, p-value = 0.0005445
alternative hypothesis: true location shift is not equal to 0
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Neparametriskas metodes - atkarigas paraugkopas 3

Secinajums: Pie bltiskuma limena a = 0, 05 pastav statistiski batiska
atskiriba starp labas un kreisas rokas sp€ka vértibu sadalijumu (p-vértiba
0,0005).
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Y tests 1

X2 testa veiksanai izmanto funkciju chisq.test (), kurai ka argumentus
norada empirisko vertibu sadalijumu un sagaidamo vertibu sadalijjumu (ka
iespéjamibas vertibas), ja jasalidzina ar teoretisko sadalijmu, vai ari
matrici, kas satur divu paraugkopu vertibu sadalijjumus, ja jasalidzina divas
paraugkopas.

chisq.test(empir.sad.vektors,teor.sad.vektors)
chisq.test(vertibu.matrice)
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X2 tests 2

koki<-matrix(c(12,34,56,23,8,27,33,47,14,11) ,ncol=2)

rownames (koki) <- c("Priede","Egle","Berzs","0zols","Klava")
colnames (koki) <- c("Paraug A","Paraug B")

Paraug A Paraug B

koki

Priede 12
Egle 34
Berzs 56
0zols 23
Klava 8

27
33
47
14
11
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X2 tests 3

chisq.test(koki)

Pearson's Chi-squared test

data: koki
X-squared = 9.2298, df = 4, p-value = 0.05561

Secinajums: Pie bltiskuma limena a = 0, 05 nav statistiski bdtiskas
atskiribas starp koku sugu sadalijumu divos parauglaukumos (p-vértiba
0,056). Tomér butu janem véra, ka p-vertiba ir tuvu kritiskajai robezai.
lespéjams, ka palielinot datu apjomu, atskiriba jau butu batiska.

81/130



Korelacijas analize



Funkcijas analizes veikSanai

Pamatfunkcijas korelacijas analizes veikSanai ir cor() un cor.test().

Pirmaja funkcija var likt gan atseviskus vektorus (kolonnas), gan vienu vai
divas vienada garuma datu tabulas. Otraja funkcija var likt tikai divus
vektorus (kolonnas), starp kuram jaaprekina korelacijas koeficients.

Péc noklusejuma abas funkcijas aprékina Pirsona korelacijas koeficientu. Ja
nepiecieSams cits, tad attiecigi japievieno arguments method="kendall"
vai method="spearman".

Ja datos ir iztrukstosas vértibas (NA), pievieno argumentu
use="pairwise.complete.obs".
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Dati

smiltaji <- read.table(file="smiltaji.txt", header=TRUE,
sep=ll\tll ,deC=” . n )

summary(smiltaji)

pH
Min. :4.000
1st Qu.:6.000
Median :6.500
Mean :6.556
3rd Qu.:7.200
Max. :8.600

R g g g

smilts

Min.
1st Qu.:
Median
Mean

3rd Qu.:
Max.

:14.00

31.00

:35.00
:35.92

41.00

:57.00

sunas

Min.
1st Qu.:
Median
Mean

3rd Qu.:
Max.

:17.00

40.00

:52.00
:49.56

58.00

:89.00

sugas

Min.
1st Qu.:
Median :
Mean

3rd Qu.:
Max. :

:4.000

5.000
6.000
6.055
7.000
8.000
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Grafiska analize

pairs(smiltaji)
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Normalitates tests

par(mfrow=c(2,2))

library(car)

for(i in 1:4){
ggPlot(smiltaji[,i],main=names(smiltaji)[i])

pH smilts
= © o =
= - = 2
2 o~ 2
e — e o
n < - 7] N
2 1 0 1 2
norm quantiles norm quantiles
sunas sugas
—_ o —_ o« - 18]
= ® 3 =
Y T o
g o ] g n
QT <+ —Llo-
2 1 0 1 2 1 0 1 2
norm quantiles norm quantiles
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Pirsona korelacijas koeficients 1

cor(smiltajif[,1:3])

pH smilts sunas
pH 1.0000000 ©0.2213315 -0.2517885
smilts 0.2213315 1.0000000 -0.5576408
sunas -0.2517885 -0.5576408 1.0000000

Funkcijas cor() rezultatos ir redzama korelacijas koeficientu matrica, bet
neparadas korelacijas koeficientu butiskumi (p vertibas).
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Pirsona korelacijas koeficients 2

library(1tm)
rcor.test(smiltaji[,1:3])

pH smilts sunas
pH Rrkkx0.221 -0.252
smilts 0.060 ***** .0, 558
sunas 0.032 <0.001 Kxxxx

upper diagonal part contains correlation coefficient estimates
lower diagonal part contains corresponding p-values

Secinajums: statistiski bitiska korelacija pie batiskumu limena o = 0,05

pastav starp pH un sunu segumu un sunu un smilts segumime, jo
atbilstosas p vértibas ir mazakas par butiskuma limeni.
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Pirsona korelacijas koeficients 3

cor.test(smiltaji$pH,smiltaji$sunas)

Pearson's product-moment correlation

data: smiltaji$pH and smiltaji$sunas
t = -2.1922, df = 71, p-value = 0.03164
alternative hypothesis: true correlation is not equal to 0
95 percent confidence interval:
-0.45547107 -0.02305682
sample estimates:
cor
-0.2517885

Secinajums: Pastav statistiski butiska negativa korelacija starp pH un

sunu segumu (-0,25), jo p vertiba ir mazaka par butiskuma Iimeni
(0,032<0,05).
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Spirmena korelacijas koeficients

cor.test(smiltaji$sugas,smiltaji$smilts,method="spearman")

Warning in cor.test.default(smiltaji$sugas, smiltaji$smilts, method =
"spearman"): Cannot compute exact p-value with ties

Spearman's rank correlation rho

data: smiltaji$sugas and smiltaji$smilts
S = 83657.35, p-value = 0.01265
alternative hypothesis: true rho is not equal to 0
sample estimates:
rho
-0.2905304

Secinajums: Pastav statistiski butiska negativa korelacija starp sugu

skaitu un smilts segumu (-0,29), jo p vertiba ir mazaka par butiskuma
lilmeni (0,013<0,05).
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Kendela korelacijas koeficients

cor.test(smiltaji$sugas,smiltaji$smilts,method="kendall")

Kendall's rank correlation tau

data: smiltaji$sugas and smiltaji$smilts
z = -2.5457, p-value = 0.0109
alternative hypothesis: true tau is not equal to O
sample estimates:
tau
-0.2335632

Secinajums: Pastav statistiski butiska negativa korelacija starp sugu

skaitu un smilts segumu (-0,23), jo p vertiba ir mazaka par butiskuma
[imeni (0,011<0,05).
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Regresijas analize



Dati

bietes <- read.table(file = "bietes.txt", header = TRUE)
str(bietes)

## 'data.frame': 28 obs. of 2 variables:
## $ udens: int 0 0 0 0 48 50 48 50 88 88 ...
## $ svars: num 9 10.3 11.5 14.2 12.2 13.8 14 16.2 14 14.5 ...

summary (bietes)

## udens svars

## Min. : 0.0 Min. : 9.00
# 1st Qu.: 50.0 1st Qu.:14.15
## Median :147.5 Median :16.85
## Mean :131.8 Mean :15.80
## 3rd Qu.:209.2 3rd Qu.:17.65
## Max. :239.0 Max. :19.20
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Paru regresijas analize

modelis <- lm(svars ~ udens, data = bietes)
summary (modelis)

Call:
Im(formula = svars ~ udens, data = bietes)

Residuals:
Min 1Q Median 3Q Max
-3.2541 -0.8541 -0.0317 0.6903 2.6002

Coefficients:
Estimate Std. Error t value Pr(>|t])

(Intercept) 12.254121 0.506327 24.202 < 2e-16 ***
udens 0.026914 0.003269 8.232 1.03e-08 ***

Signif. codes: 0 '***' 0,001 '**' 0.01 '*' 0.05 '.

Residual standard error: 1.408 on 26 degrees of freedom
Multiple R-squared: 0.7227, Adjusted R-squared:
F-statistic: 67.77 on 1 and 26 DF, p-value: 1.031e-08
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Paru regresijas analizes secinajumi
- Determinacijas koeficients Adjusted R-Squared = 0,712, tas ir, udens
daudzums izskaidro 71,2% no svara vértibu variésanas

- Gan viss linearas regresijas modelis kopuma, gan ari atseviski St modela
koeficienti ir butiski, jo atbilstosas p-vértibas ir mazakas par butiskuma
[Tmeni

- Linearas regresijas vienadojums ir svars = 12,25+0,0269 x udens
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Modela diagnostika 1

Diagnosticéjosos attélos redzams atlikuma vértibas pret prognozétajam
vertibam, atlikuma vertibu QQ attels, ka ari attéls, kas parada katra
novérojuma ietekmi uz modeli (apakséjais labais attéls). Ja ietekmes attéla
kads punkts atrodas aiz raustitas linijas (Cook's distance virs 0,5),
noverojums uzskatams par ietekmigu.

par(mfrow = c(2, 2))
plot(modelis)
par(mfrow = c(1, 1))
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Modela diagnostika 1
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Vertibu prognozesana 1

Funkcija coefficients() no regresijas analizes objekta panem regresijas
vienadojuma koeficientus.

koef <- coefficients(modelis)
koef

(Intercept) udens
12.25412112 0.02691369

udens2 <- 301
raza2 <- koef[1l] + koef[2] * udens2
raza2

(Intercept)
20.35514
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Vertibu prognozesana 2

Veértibu prognozésanai var izmantot funkciju predict (), kurai ka
argumentus norada izveidoto modeli, ka ari datu tabulu ar jaunajam

vértibam. Saja tabula jabat identiskiem kolonnu nosaukumiem ka modeli
izmantotajiem regresoriem.

jaunidati <- data.frame(udens = 301)
predict(modelis, jaunidati, interval = "prediction")

fit lwr upr
1 20.35514 17.19722 23.51307
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Daudzfaktoru regresijas analizes funkcijas

Regresijas analizes veikSanai izmanto funkciju lm(), kurai ka argumentus
norada parbaudamo formulu (regresents~regresorsl+regresors2+..), ka
ari datu tabulu, kura atrodas mainigie.

Regresijas analizes rezultatu apskata ar funkciju summary ().

modelis <- lm(regresents~regresorsl+regresors2+regresors3+
.. .+regresorsK, data=datu. tabula)

summary (modelis)
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Dati 1

dati <- read.table(file = "renda.txt", header = TRUE)

str(dati)

## 'data.frame':
# $ gads: int
# $ hron: num
# $ dec : num
#H# $ jan : num
# $ feb : num
# $ mar : num

81 obs. of 6 variables:

1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 ...

0.894 1.099 0.891 0.96 0.835 ...
-3.2 -5.8 -3.4 -3.1 -5.5 -3 1.7 -2.8 -1.5 1.7 ...
-8.2 1.5 -5-5.2 -2.6 -7.1 0.5 -4.5 0.3 -6.5 ...

-7.11.3 -4.7 -3.7 -3.6 -14 -3.7 -6.2 -6.5 -4.3 ...
-3.3 -1.5 -0.6 1.7 -2.2 -2.3 0.4 -4.9 -5.2 0.1 ...
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Dati 2

summary (dati)

gads
Min. :1924
1st Qu.:1944
Median :1964
Mean :1964
3rd Qu.:1984
Max. 12004
feb
Min. :-14.000
1st Qu.: -6.600

Median : -4.000
Mean . -4.257
3rd Qu.: -1.000
Max. : 3.700

Min.

1st
Med
Mea
3rd

Max.

hron
.6280
.9100
.0090
.9923
.0860
.1910
mar

Qu.:
ian :
n

Qu.:

[l IO B N O M o)

Min. :-10.
1st Qu.: -3.
Median : -0.
Mean : -1,
3rd Qu.: 0.
Max. ;3.

dec
Min. :-8.800
1st Qu.:-5.500
Median :-3.100
Mean :-2.499
3rd Qu.: 1.100
Max. : 3.800

800
100
900
259
500
700

jan
Min. :-12.900
1st Qu.: -6.500
Median : -3.600
Mean : -4.136
3rd Qu.: -1.300
Max. 1 2.400
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Modela definesana

modelis <- lm(hron ~ dec + jan + feb + mar, data = dati)

summary (modelis)

##

## Call:

## lm(formula = hron ~ dec + jan + feb + mar, data = dati)
#Ht

## Residuals:

## Min 1Q Median 3Q Max

## -0.234333 -0.066903 0.007898 0.072541 0.187510

#t

## Coefficients:

## Estimate Std. Error t value Pr(>|t])

## (Intercept) 1.031433 0.018172 56.759 < 2e-16 ***
## dec -0.004039 0.003165 -1.301 0.19733

## jan -0.005548 0.003789 -1.464 0.14728

## feb 0.012333 0.003700 3.333 0.00133 **
## mar 0.015654 0.004704 3.328 0.00135 **
#H o---

## Signif. codes: 0 '***' 0,001 '**' 0.01 '*' 0.05 '.' 0.1 ' '1
#Ht

## Residual standard error: 0.09739 on 76 degrees of freedom
## Multiple R-squared: 0.3508, Adjusted R-squared: 0.3167
## F-statistic: 10.27 on 4 and 76 DF, p-value: 1.061le-06
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Regresijas analize - secinajumi

- Regresijas modelis izskaidro 31,7% no vértibu variésanas.

- Modelis kopuma ir batisks (p vértiba <0,001), bet atsevisku faktoru
(decembra un janvara temperaturas) ietekme nav butiska (p vertibas
attiecigi 0,1973 un 0,1473).

- Ta ka atsevisku regresoru ietekme nav butiska, var veidot vienkarsaku
modeli.
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Kolinearitates parbaude

library(car)
vif(modelis)

#H dec jan feb mar
## 1.073597 1.532734 1.766607 1.390537

Secinajums: ta ka visiem mainigajiem VIF vertibas ir mazas, var uzskatit,
ka Saja modeli nav problémas ar kolinearitati.
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Modela definesana

modelisl <- lm(hron ~ jan + feb + mar, data = dati)

summary (modelisl)

##

## Call:

## Im(formula = hron ~ jan + feb + mar, data = dati)

##

## Residuals:

## Min 1Q Median 3Q Max

## -0.229956 -0.072878 -0.002383 0.078372 0.187456

##

## Coefficients:

## Estimate Std. Error t value Pr(>|t])

## (Intercept) 1.036591 0.017814 58.191 < 2e-16 ***

## jan -0.006298 0.003762 -1.674 0.09818 .

## feb 0.011864 0.003699 3.207 0.00195 **

## mar 0.015783 0.004724 3.341 0.00129 **

## - --

## Signif. codes: 0 '***' @.001 '**' 0.01 '*' 0.05 '.' 0.1 '
##

## Residual standard error: 0.09783 on 77 degrees of freedom

##
##

Multiple R-squared: 0.3364, Adjusted R-squared: 0.3105
F-statistic: 13.01 on 3 and 77 DF, p-value: 5.849e-07

1
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Regresijas analize - secinajumi

- Regresijas modelis izskaidro 31,1% no vértibu variésanas.

- Modelis kopuma ir butisks (p vertiba <0,001), bet janvara temperaturu
ietekme joprojam nav butiska (p vertiba ir 0,0982).

- Ta ka atsevisku regresoru ietekme nav butiska, var veidot vienkarsaku
modeli.
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Modela definesana

modelis2 <- lm(hron ~ feb + mar, data = dati)

summary (modelis2)

##

## Call:

## lm(formula = hron ~ feb + mar, data = dati)

#Ht

## Residuals:

## Min 1Q Median 3Q Max

## -0.25327 -0.08051 0.00321 0.07134 0.17581

#t

## Coefficients:

## Estimate Std. Error t value Pr(>|t])

## (Intercept) 1.049088 0.016360 64.126 < 2e-16 ***

## feb 0.008973 0.003309 2.712 0.00823 **

## mar 0.014798 0.004741 3.121 0.00253 **
#Ho---

## Signif. codes: 0 '***' 0,001 '**' 0.01 '*' 0.05 '.' 0.1 '
#Ht

## Residual standard error: 0.09895 on 78 degrees of freedom

##
##

Multiple R-squared: 0.3122, Adjusted R-squared: 0.2946
F-statistic: 17.71 on 2 and 78 DF, p-value: 4.573e-07

1
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Regresijas analize - secinajumi
- 29,46% kopéjas regresenta (hron) izkliedes izskaidrojama ar regresoru
(feb un mar) linearo ietekmi;

- péc Fisera kritérija F =17,7, p-vértiba<0.0001 linearas regresijas
modelis ir statistiski butisks;

- linearas regresijas vienadojums ir hron = 1,049088+0,008973 x
feb+0,014798 x mar

- péc Stjadenta kritérija visi koeficients ir batisks pie a« = 0, 05.
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Modelu salidzinajums

anova(modelis,modelis?2)

Analysis of Variance Table

Model 1: hron ~ dec + jan + feb + mar
Model 2: hron ~ feb + mar
Res.Df RSS Df Sum of Sq F Pr(>F)
1 76 0.72089
2 78 0.76375 -2 -0.042865 2.2595 0.1114

Secinajums: starp modeliem nav statistiski butiskas atSkiribas (p vértiba

0,1114 lielaka par buatiskuma limeni), tapéc var izvéléties vienkarsako
modeli.
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Modela diagnostika

par(mfrow = c(2, 2))
plot(modelis2)
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Dispersijas analize



Dispersijas analizes funkcijas

Dispersijas analizi programma R veic ar funkciju aov (), vai art kombinégjot
funkcijas anova() un lm().

aov(péetama.pazimé~faktors,data=datu.tabula)

anova(lm(pétama.pazimé~faktors,data=datu.tabula))

Lai analize tiktu veikta pareizi, regresoram (x) ir jabut izteiktam ka
faktoram.
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Dati 1

miezi <- read.table(file = "miezi.txt",
header = TRUE, sep="\t",dec=".")

str(miezi)

## 'data.frame': 30 obs. of 2 variables:
# $skirne: int 1111111111...
# $ raza : num 66.6 70 63.7 72.1 74.2 67.3 73.4 76.2 76.3 66.4 ...

head (miezi)

#H#  skirne raza

## 1 1 66.6
## 2 170.0
## 3 1 63.7
# 4 172.1
## 5 174.2
## 6 1 67.3
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Dati 2

summary(miezi)
skirne raza

Min. :1  Min. :63.00
1st Qu.:1 1st Qu.:69.47
Median :2 Median :74.60
Mean :2  Mean :74.04
3rd Qu.:3 3rd Qu.:77.45
Max . :3  Max. :85.40
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Vizualais salidzinajums

boxplot(miezi$raza~miezi$skirne)
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Parveidosana par faktoru

Lai parbauditu vai mainigais tiek uztverts ka faktors, izmanto funkciju
is.factor(). Lai mainigo parverstu par faktoru, izmanto funkciju
as.factor().

is.factor(miezi$skirne)
[1] FALSE

miezi$skirne<-as.factor(miezi$skirne)
is.factor(miezi$skirne)

[1] TRUE
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Dispersiju salidzinasana

Pirms dispersijas analizes veikSanas grupu dispersijas salidzina ar funkciju
leveneTest (), kas atrodas pakete car.

library(car)
leveneTest(y = miezi$raza, group = miezi$skirne)

Levene's Test for Homogeneity of Variance (center = median)
Df F value Pr(>F)

group 2 0.1785 0.8375
27

Secinajums: pie bitiskuma limena a = 0, 05 starp atseviski gradacijas

klasu dispersijam nepastav statistiski butiska atskiriba jeb dispersijas ir
homogenas, jo ieguta p vertiba (0,84) ir lielaka par butiskuma l[imeni.
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Vienfaktora dispersijas analize

anov.miezi <- aov(raza~skirne,data=miezi)
summary(anov.miezi)

Df Sum Sg Mean Sq F value Pr(>F)
skirne 2 274.9 137.45 4.596 0.0192 *
Residuals 27 807.6 29.91

Signif. codes: 0 '***' 0,001 '**' 0.01 '*' 0.05 '.

Secinajums: pie batiskuma IiTmena a = 0, 05 starp gradacijas klasu
vidéjiem aritmeétiskajiem pastav statistiski butiska atskiriba jeb faktora

‘0.1

1

skirne ietekme uz razu ir batiska, jo ieguta p vértiba (0,019) ir mazaka par

butiskuma lImeni.
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Faktora ietekmes ipatsvars

Faktora ietekmes ipatsvaru aprékina dalot faktora kvadratu summas (Sum
Sqg) vertibu ar kopéjo kvadratu summu.

275/ (275+808)

[1] 0.2539243

Secinajums: Faktora skirne ietekmes 1patsvars uz razas lielumu ir 25% un
nekontroléto (atlikuma) faktoru summara iedarbiba ir 75% (1-0.25).
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Gradacijas klasu salidzinasana

TukeyHSD (anov.miezi)

Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = raza ~ skirne, data = miezi)

$skirne

diff lwr upr p adj
2-1 2.90 -3.164184 8.964184 0.4716580
3-1 7.36 1.295816 13.424184 0.0150186
3-2 4.46 -1.604184 10.524184 0.1810875

Secinajums: pie batiskuma Iimena a = 0, 05 statistiski batiska atSkiriba
pastav starp 3. un 1. sSkirnes razu (p véertiba 0,015), bet starp 1. un 2., ka
ari 2. un 3. skirni atskiriba nav statistiski butiska (p vértibas lielakas par
0,05).
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Videjo vertibu grafiskais attelojums

library(gplots)

plotmeans (miezi$raza ~ miezi$skirne,
connect=FALSE,xlab = "Kviesu Skirne",ylab = "Raza",
main = "Vidéjas vertibas ar 95% ticamibas intervalu")

Videjas vertibas ar 95% ticamibas intervalu
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Dati

soja <- read.table(file="soja.txt", header=TRUE)

str(
#i#
#Hi#
#H#
#H#

head

##

## 1
## 2
## 3
# 4
## 5
## 6

soja)

‘data.frame’:
$ gaisma: Factor w/ 2 levels "normala","zema": 2222222222 ...
2222222222...

52 obs. of 3 variables:

$ stress: Factor w/ 2 levels "ir","nav":
int 264 200 225 268 215 241 232 256 229 288 ...

$ lapas :

(soja)

gaisma stress lapas

Zema
Zema
Zema
Zema
Zema
Zema

nav
nav
nav
nav
nav
nav

264
200
225
268
215
241
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Datu parbaude

names(soja)

[1] "gaisma" "stress" "lapas"
is.factor(soja%$gaisma)

[1] TRUE
is.factor(soja$stress)

[1] TRUE

124/130



Dispersiju salidzinasana

library(car)
leveneTest (y=soja$lapas,group=soja$gaisma:sojasstress)

Levene's Test for Homogeneity of Variance (center = median)
Df F value Pr(>F)

group 3 0.1963 0.8984
48

Secinajums: pie bitiskuma ITmena a = 0, 05 starp atseviski gradacijas

klasu dispersijam nepastav statistiski butiska atsSkiriba jeb dispersijas ir
homogenas, jo ieguta p vertiba (0,9) ir lielaka par butiskuma limeni.
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Daudzfaktoru dispersijas analize 1

Pieraksts faktors1*faktors2 nozime, ka parbauda katra faktora ietekmi, ka
ari faktoru kombinacijas ietekmi.

modelis <- aov(lapas~gaisma*stress,data=soja)

summary (modelis)

Df Sum Sqg Mean Sq F

gaisma 1 42752
stress 1 14858
gaisma:stress 1 26
Residuals 48 42976

Signif. codes: 0@ 'x**!

427
148

8

0.001

26
95

1k !

value

0.01

Pr(>F)
52 47.749 1.01le-08 **x*
58 16.595 0.000173 ***
0.029 0.864570

[y

0.05 .

1 0.1 1

1
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Daudzfaktoru dispersijas analize 2

Secinajums: pie bitiskuma limena a = 0, 05 sojas lapu laukumu butiski
ietekme gaismas daudzums (p vertiba <0,0001) un stresa limenis (p
vertiba 0,0002), bet faktoru kombinacijas ietekme nav butiska (p vertiba

0,86).
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letekmes ipatsvara noteikSana

kv.sum <- 42752 + 14858 + 26 + 42976
42752/kv.sum #gaisma

[1] 0.4249195
14858/kv.sum #stress

[1] 0.1476762

**Secinajums:* Faktora gaisma ietekmes ipatsvars uz lapu virsmas
laukumu ir 42,5%, stresa ietekmes 1patsvars ir 14,8%.

128/130



Gradacijas klasu salidzinasana

Saja gadijuma Post-Hoc testu var ari neveikt, jo faktoram ir tikai divas
gradacijas klases - ja faktora ietekme ir butiska, tad, attiecigi, sis klases
batiski atskiras.

TukeyHSD (modelis, “gaisma")

Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = lapas ~ gaisma * stress, data = soja)
$gaisma

diff lwr upr p adj
zema-normala -57.34615 -74.03228 -40.66003 0
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Kruskal-Wallis tests

kruskal.test(raza~skirne,data=miezi)

izid

## Kruskal-Wallis rank sum test

#H

## data: raza by skirne

## Kruskal-Wallis chi-squared = 6.7123, df = 2, p-value = 0.03487

Secinajums: pie bitiskuma limena a = 0.05 varam secinat, ka miezu

skirnu dati nenak no vienas populacijas (p=0.035) (to vertibu sadalijums
nav vienads).
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