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T- tests

The t.test( ) function produces a variety of t-tests. Unlike most statistica

packages, the default assumes unequal variance and applies the Welsh df
modification.

the same with

t.test(x,y, paired=FALSE
# independent 2-group t-teste O O %y, p )

t.test(yl,y2) # where y1 and y2 are numeric

# paired t-test
t.test(yl,y2, paired=TRUE) # where y1 & y2 are numeric

# one sample t-test
t.test({y,mu=3) # Ho: mu=3
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Example

> x£-¢(1,2,3,4,5,6,7,8,9) ’
> 9¢-¢c{3,4%,5,6,7,8,9,11,1%) ‘
> t.test(x,V

Welch Two Sample t-test

data: x and y
t = -1.649, df = 15.118, p-value = 0.1198
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:

-5.6019780 0.7130891

sample estimates:
mean of x mean of y

5.000000 7.444444

> t.test(x,v,palred=FALSE)

Welch Two Sample t-test

data: X and v
t = -1.649, df = 15.118, p-value = 00,1198
alternative hypothesi=s: true difference in mean=s i=s not egual to 0O
895 percent confidence interval:
-2.60189780 0.7130891
sample estimates:
mean of x mean of y
S.000000 7T.444444




Example

> L.testi(x,V)

Welch Two Sample t-test

data: =x and v
t = -1.648, df = 15.118, p-value = 0.1198
alternative hypothesis: true difference in mean=s is not egqual to 0
895 percent confidence interval:
-5.6019780 0.7130891
sample estimates:
mean of x mean of vy
S.000000 7T7.444444

> L.test (X, mu=a)

Cne Sample t-test

data: x
t = -1.0854, df = &, p-value = 0.3052
alternative hypothesis: true mean iz not egual to 6
895 percent confidence interwval:
2.894916 7.105084
zanple estimates:
mean of x
5
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Example One Way ANOVA
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> bloxplot(x ~ ¥, col="grav")

213[3|2]
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DI E|F|G PAREA Sdac}ﬂ‘é§¢§ij¥\Cbu=3mqud\CMJ;uUﬁA‘J&gZ%JALA‘§3J§

2 3 3 2 Anova: Single Factor
3 4 2 4 L SUMMARY
4 [ /513 3 Groups Count Sum _ Average \Varance
Column 1 5 17 3.4 1.3
5 3 2 4 Column 2 5 18 36 0.8
3 3 A 3 Column 3 5 15 3 1.5
Column 4 ] 16 3.2 0.7
ANOVA
Source of Vanation S5 ar Ms F F-value Fcrt
Excel jadiul 2 il Between Groups 1 3 0333333 0310078 0817795 3.238872
¢ * @ Within Groups 17.2 16 1.075
Total 18.2 19
> ®x<-c(2,3,4,5,3,3,4,5,3,3,3,2,3,2,5,2,4,3,4,3)
= ':'{_CI:II'_IIII “-_“, ||'_||II “-_”, ||'_||II “2”,“2“, ”E“, “2”,“2“, “5“,.“5”,“5”,“3“,”3“, “i-”r“i-”r ”L.“, “i-”rui-”:l
> model<- aov(x ~ Y)
> summary (model) . o
Df Sum Sg Mean Sg F value Pr(»F) R aladdialy gilidl)
Y 3 1.0 0.3333 0.31 0.818
Ee=ziduals 1la 17.2 1.0750
I
} -f{_':[“;':ﬁ.“r“;k“r“;i“rII.;.'-‘L“..“;L“.. “3“,“3“,“3“,“3“,“3“,“:“,“:“,“:“,“:“,“:“,“:“,“:“,“:“,“:“,“:“:I
> model<- aov({x ~ ¥)
> summary (model) Lo o o @U.d\ <alids ol
Y o s g veen 9 8 vl 200 iy Y Gl
J N N N w 0L - LAS -
Residuals 16 17.2 1.0750 B - ¢l LS Nominal
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.Multiple Comparison 43} 3aaial) <l jaall
mc<- TukeyHSD (model, "Y", ordered=TRUE)

Gl ) b daal) s i)

> mo<— TukeyHSD (model, "Y¥", ordered=TERUE)
> IC
Tukey multiple comparisons of means
895% family-wise confidence lewvel
factor lewvels have been ordered

Fit: aov(formumla = x ~ Y)

£Y

diff lwr upr p adj
D-C 0.2 -1.6760%&6 2.0760%& 0.9897700
A-C 0.4 -1.4760%6 2.2760%&6 0.9274133
B-C 0.8 -1.2760%6 2.4760%6 0.7972612
A-D 0.2 -1.6760%6 2.0760%& 0.9897700
B-D 0.4 -1.4760%6 2.2760%6 0.9274133
B-A 0.2 -1.6760%6 2.0760%& 0.9897700
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Writing functions  ..... Jlgall 4.us
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> sd <- function(x) sqgrt(var(x))

> x<-¢c(9,5,2,3,7)

> sd(x)

[1] 2.863564

> y<-c(4,5,6,7)
> sd(y)
[1] 1.290994

lele Jineill 5 a yjats ot A0l et (530 fi(sl) bS5 s e Lo ) (Jpsal
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IR <d - R Editor
> fix (Sd) [Function (x) sgrt(var(x))
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fix (several.plots) (AUl JSal G g Al Cay e ALY 48y ylat)
R several.plots - R Editor LG'..‘&' il i Jand 5L @ﬁ ) I oA G (Saay

EEu.nctir:un ()
i
}

function (x) {

par (mfrow=c(3,1))
hist(x[,1]) Histogram of x[, 1]
hist(x[,2]) E 0
PlOt(x[r]-]/x[IZ]) Er g% !—!
par (mfrow=c(1,1)) 10 15 20 25 30 35 40 45
apply (x,2,summary) x, 1]
}
Histogram of x[, 2]
> ®<— o(23,34,23,34,22,43,11,32,12) .
> y<-c(1,2,3,4,5,6,7,8,9) 5 Eﬂ
» z<—-chind(x, V) E =
> geveral.plots(z) 0 2 4 5 8 10
x ¥ x[ 2]
Min. 11 1
1st Qu. 22 3
Median 23 5 — _
Mean 26 5 L . . o
3rd Qu. 34 7 o —
Max. 43 g 10 15 20 25 30 35 40
: X 1]
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function
{

z<- cbind(x,yVy)
cor (x, V)

plot (x, vVy)
cor.test (x,vVv)
fit<-Im(x ~y)
summary (fit)

}

(z)

rr LasS giliil) (oSS
LA Jsé

> fix(corr.plot)

> R<—- o(23,34,23,34,22,43,11,32,12)
> oy<-ocfl,2,3,4,5,6,7,8,9)

> corr.plot(z)

Call:

Im{formmla = x ~ ¥)

Eesiduals=:

Min 10 Median 30 Max
-12.833% -7.333 -4.000 6.8917 18.083
Coefficients=:

Eztimate 5td. Error t walue
(Intercept) 31.417 T7.947 3.853
v -1.083 1.412 -0.7&67
Signif. codes: g Ye®&Fr 0 Q001 “¥&r 0,01

=
™
Fr(>Itl)
0.005531 **
0.46808
e r 0.03 " 0.1 v

REezidual standard error:
Multiple E-sqguared:
F-stati=stic: 0.5885 on 1

0.07755,

10.94 on 7 degrees of freedom
Bdju=sted E-sqguared:
and 7 DF, p-value: 0.4681

1

-0.05423 .
- s B




Exercises

1. Write a function that takes as its argument two vectors, x and y, produces a scatterplot, and
calculates the correlation coefficient (using cor (x,y)).

2. Write a function that takes a vector (z1,...,7,) and calculates both " z; and )" 2?. (Re-
member the use of the function sum).
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f re " dx

0

r<— 0.5
f<- function (x) {r*exp(-r *x):
integrate (£, lower=0, upper= 5)#P(x<5) 1x~expir)

L817915 with absolute error < le-14

integrate(f, lower=0, upper= Inf)
with absolute error < 3.4e-05
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https://academy.hsoub.com/tags/%D9%85%D8%AF%D8%AE%D9%84%?2 drogalai G
0%D8%A5%D9%84%D9%89%20%D9%84%D8%BA%D8%A9%20r/ QL)
https://www.programiz.com/r-programming/for-loop 'ili* PROGRAMIZ

https://www.tutorialspoint.com/r/ tutorialspoint
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