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Estimatorn for lutningskoefficienten

b Sy Cov(x, y)
T2 Var(x)

Hur by varierar mellan olika stickprov:

O¢
=5D(by) = ——
A
op, skattas med standardfelet
Se
=SE(b) = ———
b (b1) sv/n—1

Formel for SE(by) slipper ni pa SDAL.
lifespan data [sd(spending) = 1.097516]
5 — 1.678 ~

V29 —1-1.097516
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Standardfel for b; i R

> library(sdail23)

= lifespan_no_usa = lifespan[1:29,] # remove the outlier USA
> model = Im(lifespan ~ spending, data = lifespan_no_usa)

> summary(model)

call:
Im(formula = lifespan ~ spending, data = lifespan_no_usa)

Residuals:
Min 10 Median 3Q Max
-3.3108 -0.7016 -0.0507 1.1458 3.8860

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 74.1639 0.8782 84.45 < 2e-16 ***

spending 1.7629 0.2890 6.10 1.63e-06 ***

signif. codes: © ‘***’ §.A1 ‘**’ 0.1 ‘*’ 0.05 ‘.’ 0.1 ¢ ’ 1
Residual standard error: 1.678 on 27 degrees of freedom

Multiple R-squared: @.5795, Adjusted R-squared: 0.5639
F-statistic: 37.21 on 1 and 27 DF, p-value: 1.626e-06
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Samplingfordelning i regression - interaktivt

A T B
Iutning, B 1 c—
sd felterm, o, —

- - datasetnummer 207

Skattat intercept: by = —0.8866
Skattad lutning: by = 1.275

Ty
15

10 08 06 En 02 ) 02 o 06 o8 2o
x>

Populationsmodell

Skattad regressionslinje
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https://statisticssu.github.io/SDA1/observable/linreg_simple_sampling_dist.html

Konfidensintervall for b,

B Estimatorn by foljer en t-fordelning med n — 2 frihetsgrader:

b1 — 5
Sb1

~ th—2

B Varfér n — 27 Skattar tva parametrar, 8y och 1. Forlorar tva
frihetsgrader.

B 95%-igt konfidensintervall for /3;
b1 % to.025,n—2 - Sp,

W lifespan data: n = 29, och tg2527 = 2.052 fran tabell.

B 95%-igt konfidensintervall for 31

1.763 + 2.052 - 0.289 = (1.170,2.356)
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Konfidensintervall i R

B R:

> model = lm(lifespan ~ spending, data = lifespan_no_usa) # utan USA
> confint((model))

B sdal23-paketet:

> model = lm(lifespan ~ spending, data = lifespan_no_usa) # utan USA
> reg_summary(model, conf_intervals = TRUE, anova = FALSE)

Measures of model fit

Root MSE R2  R2-adj
1.67836 0.57952 0.56394

Parameter estimates

Estimate Std. Error t value Pr(>|t|) 2.5% 97.5%
(Intercept) 74.1639 0.87822 84.4482 2.9262e-34 72.362 75.9658
spending 1.7629 0.28900 6.1002 1.6256e-06 | 1.170 2.3559

Statistik och Dataanalys | ST1101 7/20



Hypotesttest for

B Hypotestest for lutningen i regressionen
Hy:61=0
Hi: 51 #0

B Teststatistiska
b1 —0

Sb1

T =

B Under Hy har vi att T ~ t,_o.
[l Vi forkastar nollhypotesten pa signifikansnivan o = 0.05 om
|tobs| > terit
dar det kritiska vardet t..;; hamtas fran tabell:
terit = 10.025,n—2

B P-varde raknas som tidigare, men fran t,_o fordelning.

Statistik och Dataanalys | ST1101 8/20



Hypotesttest for [ - lifespan data

W n=29,s3 n—2=27, och tui = t.025(27) = 2.052.

1.763 — 0
fobs = (589

B |t,hs| > teit S8 vi forkastar nollhypotesen pd 5%
signifikansniva.

= 6.100

[ Vi forkastar nollhypotesen att spending inte ar korrelerad
med lifespan.

B spending ar en signifikant forklarande variabel for
livslangd pa signifikansniva 5%.

0 Testets p-varde visar att vi tokforkastar Hy!

p = 1.6256e — 06 = 0.0000016256

W 1.6256e-06. Flytta punkten/kommat sex steg till vanster.
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Hypotestest i R

> library(sda123)

> lifespan_no_usa = lifespan[1:29,] # remove the outlier USA
> model = Im(lifespan ~ spending, data = lifespan_no_usa)

> summary(model)

call:
In(formula = lifespan ~ spending, data = lifespan_no_usa)

Residuals:
Min 1Q Median 3Q Max
-3.3108 -0.7016 -0.0507 1.1458 3.8860

Coefficients:
Estimate Std. Error t value Pr(>|t]|)
(Intercept) 74.1639 0.8782 84.45 < 2e-16 ***

spending 1.7629 0.2890 6.10 1.63e-06 ***
Signif. codes: @ “***’ §.@e1 “**’ 0.01 ‘*’ .65 .’ 0.1 * " 1
Residual standard error: 1.678 on 27 degrees of freedom

Multiple R-squared: ©.5795, Adjusted R-squared: 0.5639
F-statistic: 37.21 on 1 and 27 DF, p-value: 1.626e-06
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Prediktionsintervall

B Antag att vi gor en prognos vid ett nytt x = x,
Vi = by + b1x,

B Prediktionsintervall for y, - tva kadllor av osdkerhet:

» De okanda parametrarna 3y och 31, dvs osdkerhet om
regressionslinjen vid x,.

» Variationen i de enskilda y-vardena kring regressionlinjen.
Alla observationer “traffas av ett ¢" med standardavvikelse o..

B Prediktionsvariansen:

2 _ 2 + o2
Uprediktion - O—regressionslinjen vid xx O¢

B 95%-igt prediktionsintervall for enskild observation vid x;

2
. s U
Vi £ t0.025,n—2 - \/; + 55 (% = x)2+ 52
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Intuition for termen o2

regressionslinjen vid x,
Regressionslinjen gér altid genom punkten (x,y)

sZ/n representerar osikerheten i Y, notera att x-virdena inte
antas slumpmassiga i regression.

szl (x, — x)?: DA regressionslinjen gar genom (x, y) sa blir
osakerheten liten daven om lutningen ar felskattad

((x. — x)* 22 0). Nar vi rdr oss langre ifrin medelvirdet s3 ger
en liten skillnad i lutningen en stor effekt.

Bada dessa termer skalas med n, sa nér n blir stort sa gar
dom mot 0, detta géller inte s_!
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Prediktionsintervall

> model = 1m(lifespan ~ spending, data = lifespan_no usa)

> predict(model, newdata = data.frame(spending = 3.323))
1

80.02209

> predict(model, newdata = data.frame(spending
1

81.78502

> predict(model, newdata = data.frame(spending
fit lwr upr

1 81.78502 78.17388 B5.39616

4.323))

4.323), interval = "prediction")
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Plot av prediktionsintervall

> library(sdai123)
> reg_predict(lifespan ~ spending, data = lifespan_no_usa)

Konfidens— och prediktionsintervall

85 |

lifespan
©
o

75

3
spending

W Ljusbld band ar prediktionsintervall (for ett x i taget).

14/20
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Multipel regression - modell och samplingfordelning

B Populationsmodell fér multipel regression med k
forklarande variabler

Y =00+ Pixa+ Paxe+ ...+ Bixk +¢e, €~ N(O,0c)
B Varje (3; skattas med b; med minsta-kvadrat-metoden.

W Estimatorn b; foljer en t-fordelning med n — k — 1

frihetsgrader:
b5 .,
~ lp—k—-1

5bj

B Varfor n — k — 17 Skattar k lutningskoefficienter
(B1, B2, ..., Bk) och ett intercept (Bp).

B Formlerna fér minsta-kvadratskattningar b; och standardfelen
sp; ar komplicerade. Datorn far géra jobbet.

Statistik och Dataanalys | ST1101 15/20



Multipel regression - konfidensintervall och test

B Populationsmodell multipel regression

Y =00+ Bixi+ Baexe+ ...+ Brxk +e, €~ N(0,0:)
B 95%e-igt konfidensintervall for 3;

bj =+ t0.025,n—k—1 * Sb;

B Hypotestest for lutningen i regressionen
HO :Bj =0
H1 :ﬂj 7é 0

B Teststatistiska
b —0
Sbj
B Under Hy har viatt T ~ tp_x_1.
B Om vi forkastar H sd drar vi slutsatsen att 3; # 0 och sager
att x; ar en signifikant forklarande variabel.

T =
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Multipel regression i R

> model = lm(lifespan ~ spending + gdp + doctorvisits, data = lifespan_no_usa)
> summary(model)

Call:
In(formula = lifespan ~ spending + gdp + doctorvisits, data = lifespan_no_usa)

Residuals:
Min 1Q Median 3Q Max
-3.4860 -0.8975 -0.0762 1.1654 3.7609

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 74.070691 1.34241 55.178 < 2e-16 ***
spending 2.10379 0.55123  3.817 0.000792 ***
gdp -0.02993 0.04230 -0.708 0.485723
doctorvisits 0.02842 0.10867 0.262 0.795813

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 * ' 1

le R-squared: 0.5884,
F-statistic: 11.92 on 3 and 25 DF, p-value: 4.894e-05
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Simulera data med sdal23 paketet

> library(sda123)
> simdata <- reg_simulate(n = 500, betavect = c(1, -2, 1, 0), sigma_eps = 2)
> head(simdata)

y X1 X2 X3
1 1.9710435 -0.02522743 -0.2445304 .00699482
2 -0.1156157 0.32641792 0.1161198 .34818268
3 4.2054858 0.40102782 1.5955417 -1.85657317
4 7.3999811 -1.34540553 1.3106342 .22095959
5
6

e

[y

0.4633449 -1.31315970 -0.5062060 -0.08381122
2.1395357 -0.30667637 -0.7820189 .51466922

[y
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Skatta pa simulerat datamaterial

> fit = Im(y ~ X1 + X2 + X3, data = simdata)
> summary(fit)

call:
Im(formula = y ~ X1 + X2 + X3, data = simdata)

Residuals:
Min 1Q Median 3Q Max
-5.5043 -1.2584 -0.0609 1.2501 6.8445

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

(Intercept) 1.21579 0.08731 13.925 <2e-16 ***
X1 -1.98033 0.08854 -22.367 <2e-16 ***
X2 0.88075 0.08493 10.370 <2e-16 **¥
X3 -0.02364 0.08639 -0.274 0.784

signif. codes: @ “***’ 0,001 ‘**’ 0.01 ‘*’ 8.05 ‘.’ 0.1 * ’ 1
Residual standard error: 1.947 on 496 degrees of freedom

Multiple R-squared: 0.5343, Adjusted R-squared: 0.5315
F-statistic: 189.7 on 3 and 496 DF, p-value: < 2.2e-16
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Dessa slides skapades for kursen statistik och dataanalys 1 av
Mattias Villani HT 2023, och har modifierats av Oscar Oelrich VT
2024, och Oskar Gustafsson for VT 2025.
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