Vicecetna linearni regrese

Petr Ocelik

MVZn4003 Uvod do kvantitativnich metod



Organizace kurzu

 Hromadna konzultace: pondeli 12. 12., 13:00 v P21a.
e Zkouskovy predtermin: 13. 12., 16:00 (online)

e Zkouskové terminy: budou vypsany nejpozdéji v
poslednim tydnu semestru



Opakovani

* Jak mUzeme vyjadrit linearni vztah?



Opakovani

e Jaky je rozdil mezi korelaci (Pearsonovo r) a linearni
regresi?



Opakovani

 Conamrika p-hodnota?



Blok prednasek

1. Jednoducha linearni regrese
2. VicecCetna linearni regrese
3. Diagnostika a aplikace



Blok prednasek

1. Jednoducha linearni regrese

2. Vicecetna linearni regrese
1. intuice
2. regresni model
3. interpretace vysledku

3. Diagnostika a aplikace



(Linearni) regrese

Regrese je metoda predikce (odhadu) hodnot zavislé
proménné (Y) na zakladé hodnot jedné (X) Ci vice
nezavislych proménnych (prediktoru).

Linearni regrese odhaduje linearni vztah

Jednoducha linearni regrese: pouze jeden prediktor
Vicecetna linedrni regrese: vice nez jeden prediktor



Y =51.55 + 0.65*X (regresni model)
Y = spokojenost s pol. systémem; X = SES

L _
.-r"-f/
‘___-""
e% _—
:,/f/

il

oo ®

L

L e

&

|

|

|

|

|

|

|

|

|
T T T
0 5 10

A
intercept 51.55*
(0.86)
growth (X) 0.65*
(0.86)
R? 0.36

Std. error in parentheses
*=p<0.05

modifikovany Kellstedt & Whitten 2013




1. Is there a credible causal
mechanism that connects X to Y7

Yes No
2. Can we eliminate Stop and reformulate your
the possibility that ¥ theory until the answer is
causes X7 "yes."
Yes No
3. Is there covariation Proceed with
between X and Y? caution to hurdle 3.
Yes No
4. Have we controlled for all Think about confounding
confounding variables £ that variables before moving
might make the association to hurdle 4.
between X and Y spurious?

/ \i‘laybe No
Control for

Proceed with confounding Stop and reformulate
confidence and variables until your your Ga”fia'
summarize your answer is "yes" or explanation

findings. "no."

Kellstedt & Whitten 2013: 58




* Co kdyz roli hraje také dlvéra v instituce? 2>
* |Y=48.24+0.57*X + 0.67*Z (regresni model) |
* Y =spokojenost s pol. systémem; X = SES; Z = dlivéra

A B C

intercept 51.55* 47.29* 48.24*

(0.86) (1.94) (1.64)
SES (X) 0.65* - 0.57*

(0.16) (0.15)
divéra (2) - 0.92* 0.67*

(0.33) (0.28)

R? 0.36 0.20 0.46
Std. error in parentheses
*=p<0.05

modifikovany Kellstedt & Whitten 2013




Regresni rovina

Observation vy,

Response plane

X,

www.ck12.org



VicecCetna linearni regrese

 Umoznuje predikci ZP v zavislosti na hodnotach vice nez jednoho
prediktoru

— Jaka je predikovana hodnota spokojenosti s PS (ZP Y), pokud bereme v
potaz SES (prediktor X) a duvéru (prediktor Z)?

* Umoznuje odhadovat dilci (parcialni) acinky (efekty) jednotlivych
prediktoru na ZP

— Jak se zméni hodnota spokojenosti s PS (ZP Y), pokud se hodnota
prediktoru X zméni o jednotku (% bod) pri kontrole prediktoru Z?

— Jak se zméni hodnota volebniho spokojenosti s PS (ZP), pokud se hodnota
prediktoru Z zméni o jednotku pfri kontrole prediktoru X?



* Co kdyz roli hraje také dlvéra v instituce? 2>
* |Y=48.24+0.57*X + 0.67*Z (regresni model) |
* Y =spokojenost s pol. systémem; X = SES; Z = dlivéra

A B C

intercept 51.55* 47.29* 48.24*

(0.86) (1.94) (1.64)
SES (X) 0.65* - 0.57*

(0.16) (0.15)
divéra (2) - 0.92* 0.67*

(0.33) (0.28)

R? 0.36 0.20 0.46
Std. error in parentheses
*=p<0.05

modifikovany Kellstedt & Whitten 2013




Regresni model: linearni regresni funkce

Jednoduchy linearni regresni model:
* Y =b,+b;*X

e zavisla proménna = prusecik + sklon*prediktor

Vicecetny linearni regresni model:
7 * *
* |Y =by+b*X+b,*Z

| zavisld proménna = prusecik + sklon*prediktor X + sklon*prediktor Z

Nékdy take:
* Y =by+b, *X; +b,*X,

* zavisla proménna = prusecik + sklon*prediktor X, + sklon*prediktor X,



Jak odhadujeme regresni model?



Metoda nejmensich ctvercu

Metoda nejmensich ¢tverca (Ordinary Least Squares): odhad
koeficientl, pruseciku a sklond, v linedarnim regresnim modelu

Minimalizuje vertikdlni vzdalenosti mezi pozorovanymi hodnotami (Y)
a predikovanymi hodnotami Y (Y’).

Reziduum je chyba predikce dana rozdilem mezi pozorovanou (Y) a
predikovanou hodnotou (Y’) ZP

Reziduum = (Y - Y’) ; soucet rezidui >(Y-Y’)=0
Kvadratické reziduum = (Y - Y’)A2
Soucet kvadratickych rezidui >(Y - Y ’)A2

OLS minimalizuje soucet kvadratickych rezidui: Y = min>(Y - Y’)*2



Regresni rovina

Observation vy,

Response plane

X,

www.ck12.org



Interpretace koeficientu sklonu: intuice



jednoduchy model s jednim prediktorem

model se dvéma silnéji korelovanymi prediktory s
mensimi dil¢imi Gcinky (efekty)

model se dvéma slabéji korelovanymi prediktory s
vetsSimi diléimi acinky (efekty)

inspirovano Kellstedt & Whitten 2013



X a Z nekoreluji = interpretace jako v jednoduché regresi
(X a Z jsou vzajemné nezavislé)

X koreluje s Y vice nez Z - ucinek X je pfi kontrole vlivu Z
silnéjsi nez ucinek Z pri kontrole vlivu X

Z koreluje s Y vice nez X = Ucinek Z je pfi kontrole vlivu X
silnéjsi nez ucinek X pfri kontrole vlivu Z

X a Z (témér) dokonale koreluji 2 hodnoty koeficient se
budou blizit nekonecnou (neinterpretovatelné) 2>
problém kolinearity



Proc je to dulezité?



Priklad: jeden prediktor

* Predikce prijmu (Y) na zakladé pohlavi (X)

— X: muz (0), zena (1)
Y’ =b,+ b, *X; pfijem = prusecik + sklon*pohlavi
e Vysledek odhadu: Y’ =20000 + 1500*X

* Jaky je predikovany prijem pro muze a jaky pro zeny?



YI

Priklad: jeden prediktor

Predikce prijmu (Y) na zakladé pohlavi (X)
— X: muz (0), zena (1)

= b, + b, *X; pfijem = prusecik + sklon*pohlavi

Vysledek odhadu: Y’ = 20000 + 1500*X

Predikce pro muze (X =0): Y’ = 20000 + 1500*0 = 20 000
Predikce pro zeny (X=1): Y’ =20000 + 1500*1 = 21 500



YI

Priklad: jeden prediktor

Predikce prijmu (Y) na zakladé pohlavi (X)
— X: muz (0), zena (1)

= b, + b, *X; pfijem = prusecik + sklon*pohlavi

Vysledek odhadu: Y’ = 20000 + 1500*X

Predikce pro muze (X =0): Y’ = 20000 + 1500*0 = 20 000
Predikce pro zeny (X=1): Y’ =20000 + 1500*1 = 21 500

Co kdyz jsme opomnéli jiny dulezity prediktor? (Napady?)



Priklad: statisticka kontrola

* Predikce pfijmu (Y) na zakladé pohlavi (X) a vzdélani (Z)

— X: muz (0), Zena (1); Z: # rok(l dokonceného vzdélani
Y’ = b, + b, *X; + b,*Z; pfijem = prusecik + sklon*pohlavi + sklon*vzdélani
* Vysledek odhadu: Y’ = 18500 - 1500*X + 2000*Z

* Predikce pro muze (X=0): Y’ =18500 - 1500*0 + 2000*1 = 20 500
* Predikce pro zeny (X =1): Y’ = 18500 - 1500*1 + 2000*1 = 19 000

—> pri kontrole vzdélani se efekt pohlavi otaci



|Y’ = 48.24 + 0.57*X + 0.67*Z |

Y = spokojenost s pol. systémem; X = SES; Z = dlvéra v instituce

SES = ordinalni proménna (10 urovni)

Dlvéra = spojita proménna (%)

Ktery prediktor ma vétsi
ucinek (efekt) na ZP?

v

A B C

intercept 51.55* 47.29* 48.24*

(0.86) (1.94) (1.64)
SES (X) 0.65* - 0.57*

(0.16) (0.15)
divéra (2) - 0.92* 0.67*

(0.33) (0.28)

R2 0.36 0.20 0.46
Std. error in parentheses
*=p<0.05




Ktery prediktor ma vétsi
ucinek (efekt) na ZP?

A B C

intercept 51.55* 47.29* 48.24*
(0.86) (1.94) (1.64)

SES (X) 0.65* - 0.57*
(0.16) (0.15)

davéra (2) - 0.92* 0.67*
(0.33) (0.28)

R2 0.36 0.20 0.46

* = p <0.05; Std. error in parenthesess

standardizovany koeficient:

_ s&X)
bstd =Db * s(Y)

* Nutné zohlednit jednotky, v nichz jsou proménné méreny!

— X (SES) = dlouhd skdla; Z (dGvéra) = kratka skala

* Pro porovnatelné hodnoty koeficientl standardizujeme skrze

smérodatné odchylky ZP a daného prediktoru:

— bystd = b, * (std.dev(X) / std.dev(Y)) = 0.57 * (5.496/6.017) = 0.52 (SES)

- zvySeni hodnoty X o 1 std.dev. znamena zvysSeni Y 0 0.52 std.dev.

— b,std = b, * (std.dev(Z) / std.dev(Y)) =0.67 * (2.952/6.017) = 0.33 (ddvéra)
- zvysSeni hodnoty Z o 1 std.dev. znamenad zvySeni Y o 0.33 std.dev.

e Standardizované koeficienty se nazyvaji beta

Kellstedt & Whitten 2013




Interpretace ucinku

* Jaké jsou ucinky prediktort abortlaw10 a ba_or_more?

— abortlaw10: pocet regulaci omezujicich potraty
— ba_or_more: % podil obyvatel s vysokoskolskym vzdélanim

Owverall Model Test

Maodel Adjusted R” F df df2
0.718 0.516 0495 25.0 2 AT 001
Model Cosfficients - obama2012
Predictor Estimate
Intercept 31.226 8.515 3.67 < 001

abortlaw10 -1.531 0.450 -2.40 0.001




Overall Model Test obama2l12 ba_or_more abortlawl10

Maodel Adjusted R F df df2 h =0 | o

0.718 0.516 0495 25.0 2 47 <001 Missing 0 0 0

Mean 482 27.2 B.28

Median 0.2 6.4 .50

Model Coefficients - obama2(12 Standard deviation l 4.7 2.62

Predictor Estimate SE t p Stand. Estimate Range 454 20.9 10

Intercept 31226 8515 367 <.001 Minimum 2eT 73 .

abortlaw10 -1.531 0.450 -3.40 0.001 ~0.390 Maximum 70.5 38.2 10
ba_or_mare 0.477 0.244 3.02 <.,00 0.449

Ve

Beta vahy (Stand. Estimate) se zda, ze Ucinek ba_or_more je cca 0 15 % vyssi
nez ucinek abortlaw10

Beta pro ba_or_more: 0.45, tj. zvySeni o 1 std.dev. = zvySeni ZP o0 0.45 std.dev.
Zvyseni ba_or_more 0 4.7 p.b. zvysi obama2012 0 0.45*10.3 = 4.64 p.b.

Beta pro abortlaw10 : 0.39, tj. snizeni o 1 std.dev. = snizeni ZP 0 0.39 std.deuv.
Zvyseni abortlaw10 o 2.6 regulace snizi obama2012 0 0.39*10.3 = 4.02 p.b.



95% Confidence Interval 95% Confidence Interval
Predictor Estimate SE Lower Upper t p Stand. Estimate Lower Upper
Intercept 31.226 8.515 14,096 48.355 3.67 <001
ba_or_maore 0.977 0.249 0.476 1478 3.02 <001 0.449 0219 0,680
abortlaw10 -1.531 0.450 -2438 -0.626 —3.40 0.001 -0.390 -0.620 -0.15%
CI(b) = b + (¢, * SE(b

b = koeficient sklonu
CIupp(31.23) = 31.23 + (2.01

cl,,(31.23) = 31.23 — (2.01
Cl,,,(0.977) = 0.977 + (2.01 * 0.249) = 1.478 zvolenou Uroven spolehlivosti
ClL, . (0.977) = 0.977 — (2.01 = 0.249) = 0.476 )

Cl,y,(—1.53) = —1.53 + (2.01 * 0.45) = —0.626 SE(b) = std. chyba odhadu
Cl,(—1.53) = —1.53 — (2.01 % 0.45) = —2.436  koeficientu

8.515) = 48.35 o
8.515) = 14.10 t..;; = kriticka hodnota pro

* % X ¥

Interval spolehlivosti (Cl): pri velkém poctu opakovanych vybért bude X % ClI
obsahovat hodnotu odhadovaného populacniho parametru.

Tj. pro 95% Cl = 95% intervalll parametr obsahovat bude, 5% nikoli.

Pokud Cl neobsahuje 0 = statisticky vyznamny vysledek na zvolené hladiné a
(zpravidla 5 %).

Preferujeme pred bodovym odhadem — Cl Iépe vyjadruji nejistotu naseho
odhadu.



Jak dobre regresni model vysvétluje
rozptyl zavislé proménné?



Celkovy rozptyl = nevysvétileny rozptyl + vysvétleny
rozptyl

Unexplained: XY, - ¥;)°
Explained: IY, - ¥)*
Total: &Y, - Y)*




Rozptyl vysvétleny regresnim model (SSM: sum of squares of model)
SSM = Z(Y’ — mean(Y))2

Nevysvétleny rozptyl: chyba modelu (SSR: sum of squares of residuals):
SSR=2(Y—-Y")?

Celkovy rozptyl (SST: total sum of squares) = SSM + SSR

SST = Z(Y — mean(Y))2

Y’ = predikované hodnoty (rovina)
Y = pozorované hodnoty (body)
mean(Y) = primérna hodnota ZP

Podil SSM/SST ukazuje (1) tésnost regresniho vztahu mezi ZP a prediktory
a (2) presnost predikce zalozené na regresnim modelu (funkci)

www.ck12.org



Koeficient determinace

* KD (R?) ukazuje podil rozptylu Y vysvétleného regresnim modelem (SSM)
vuci celkovému rozptylu Y (SST) = SSM / SST

e SST =SSM (vysvéetleny rozptyl) + SSR (nevysvétleny rozptyl)

SS5Y =55T

SSM | sum of squares of model

SSR | sum of squares of residuals

SST | sum of squares of total




Upravené R?

* Vy3Si pocet prediktora = R?

e ZvySenim poctu prediktoru se snizuje parsimonie modelu

* Upravené R? (adjusted R?) (1) penalizuje za pocet prediktor
(p) a (2) za nizsSi pocet pozorovani (n)

(@ =-R)x(m - 1))
(n—p—1)

Rzadj =1



Maodel Fit Measures

Overall Model Test

R? udava, Zze model vysvétluje cca

Maodel R e Adjusted R* : df1 df2 D
0,
1 0718 0516 0.495 25.0 2 47 < 001 52 A) rOZptylu ZP (ObamaZO].Z),
upravené R? udava cca 50 %.
Madel Coefficients - obama2012
95% Confidence Interval 95% Confidence Interval
Predictor Estimate SE Lower Upper t p Stand, Estimate Lower Upper
Intercept 31.226 8.515 14,086 48355 167 < 001
ba_or_maore 0.977 0.249 0476 1478 3.82 <001 0.449 0.219 0.680
abortlaw10 -1.531 0.450 -2.438 -0.628 -3.40 0.001 -0.390 -0.620 -0.158
2
((1 - R * n - 1 vv/s 2 7 eV NV/ Ve
RZ =1 vysSi R znamena nizsi Citatel
adj

R%, = 1

(n—p—1)

~ (@-0.516)* (50 - 1))

(50—-2-1)

= 0.495 znamena nizsi jmenovatel




Jsou odhady statisticky vyznamneé?



Cely model: testovaci statistika F

* Abychom zjistili, zda se regresni model jako celek vyznamné
liSi od nuly, uzijeme F-test

* F-test: zavisi hodnota ZP na linearni kombinaci prediktoru?
* HO: predpoklad, ze vSechny koeficienty =0

e HO:B,=0p,=.. = =0;HA:B# 0
Bl Bz Bp B wikimedia
. F— vysvétleny rozpyl _R*x(n-p-1) n= velikost vzquu
o nevysvétleny rozptyl ’ B (1- RZ) * P p = pocet prediktory

R2 = koeficient
determinace

* Frozdélenisp—1an-2stupnivolnosti

F-hodnota regresniho modelu je testovaci statistikou



Cely model: testovaci statistika F

nulovy model srovnavany model




Maodel Fit Measures |
Overall Model Test I . L.
. L Model se statisticky
Madel R R Adjusted R* F dfl df2 4] , . v .
vyznamneé odliSuje od nuly;
1 0718 0516 0.495 25.0 2 47 =001 .. , ., .
| pri dané urovni testu tedy
odmitame HO: B, =B, =0
Madel Coefficients - obama2012
95% Confidence Interval 95% Confidence Interval
Predictor Estimate SE Lower Upper t p Stand. Estimate Lower Upper
Intercept 31.226 8.515 14,006 48,355 1ET < 001
ba_or_more 0.977 0.249 0476 1478 3.8z < 001 0.449 0.218 0.680
abortlaw10 -1.531 0.450 -2436 -0.626 =340 0.001 -0.390 -0.620 -0.159
vysvétleny rozpyl RPx(n—p—1)

" nevysvétleny rozptyl !

(1 — R?) = p n = velikost vzorku
p = pocet prediktor(
R? = koeficient

R’+(n—-p-1) _ 0516%(50—-2—1) _ 24.252 determinace

= 25.05

F

(1-R»*p (1-0516)*2  0.968



2.5

15

0.5

d1=100, d2=100

AL £ S E—

F critical values (continued)
Degrees of freedom in the numerator
P 1 2 3 4 5 & 7 8 9
100 im 262 242 219 2.1 213 208 2.04 2.00
050 4.41 155 316 293 277 166 258 251 246
18 025 5.98 4.54 395 1.6l 3.38 122 310 .01 293
010 829 .01 5.00 4.58 4.25 4.01 384 i 360
001 15.38 10.39 249 T.46 641 6.5 6.02 5.76 556
100 299 261 240 2127 218 D 206 2.02 1.98
050 4.38 52 313 2o0 274 263 254 248 142
19 025 5.92 4.51 390 154 333 3117 3.08 294 188
010 g.1a 593 501 4.50 4.17 104 m 163 352
001 15.08 10.16 328 727 6.62 618 5.85 559 5.30
100 297 2159 238 215 216 209 204 2.00 1.96
050 4.35 349 310 287 M 260 251 245 239
i} 025 5.87 4.46 386 151 L] 313 301 191 284
010 a.10 585 4.94 443 4.10 187 370 154 346
001 14.82 095 .10 710 646 6.02 560 544 5.24
100 29 257 236 223 2.14 208 202 1.98 1.95
050 4.32 347 307 254 268 157 249 242 237
L k) 025 5.83 4.42 382 348 328 1.09 297 287 280
‘3 010 B.02 578 4.87 437 4.04 181 EX.2 151 340
g 001 14.59 o717 T.94 6.95 6.32 5.B8 556 LY | 511
B
E R {ii] 295 254 235 212 213 206 201 1.97 1.93
= 050 4.30 344 308 282 266 155 248 240 2134
B 22 025 5.79 4.38 3178 .44 32 1.05 293 284 176
= 010 7.95 ET72 482 4131 399 1.76 3159 345 338
E 001 14.38 a6l 7.80 6.81 6.19 576 544 519 4.99
-E 100 294 255 234 221 211 205 1.99 1.95 1.92
g 050 4.8 342 303 2E0 264 153 244 237 132
o 23 025 5.75 4.15 378 341 318 102 290 281 173
s 010 7.88 .66 476 425 EX ) T 354 141 3.30
E 001 14.20 047 187 6.70 6.08 565 533 509 4.89
§] R 293 254 233 219 210 o4 1.98 1.94 1.9
050 4.26 340 301 278 162 151 242 234 230
24 025 572 4.32 im 338 318 109 287 273 270
010 7.82 LY. | 472 4122 390 167 350 334 326
001 14.03 034 758 6.59 98 555 523 4.949 4.80
R {ii] 292 2583 232 218 209 202 1.97 1.93 1.89
050 4.24 339 299 278 2.60 149 240 234 128
25 025 5.69 429 369 335 313 197 285 275 268
010 .77 557 4.68 4.18 385 163 348 132 112
001 1388 022 745 6.49 L3 546 515 491 4M
R R 252 131 217 2.08 o 1.96 1.92 1.88
050 4.23 337 298 274 259 147 239 232 227
26 025 5.66 4.27 3187 333 ERLI] o4 282 273 165
010 7.712 £53 464 4.14 382 159 342 .29 318
001 1374 Q.12 736 641 L3 538 5.07 4.83 4.64
R 2.90 251 230 217 207 o0 1.95 1.91 1.87
050 4.21 335 296 273 2157 246 237 211 125
27 025 5.63 4.24 365 £ | 3.08 a2 280 7 163
010 7.68 549 4.60 411 3178 1.56 339 324 318
001 13.61 Q.02 727 633 ET3 LY | 5.00 4.76 457




Koeficienty: testovaci statistika t

Abychom zjistili, zda se koeficient b vyznamneé liSi od nuly, uzijeme
t-test pro regresni koeficient

Je hodnota b vyznamné odlisna od predpokladaného populacniho
priméru 0? HO: B =0; HA: B # 0

signal b—B T . :
= » t = —=—:trozdélenisn-2 ni volnosti
t oy SE(b),t ozdéleni s stupni volnost

— b = koeficient sklonu
— B = predpokladany populaéni koeficient (B = 0)
— SE(b) = std. chyba koeficientu (viz Handl 2009)

t-hodnota regresniho koeficientu b je testovaci statistikou



0.40
0.35
0.30
0.25

=0.20
0.15
0.10
0.05
0.00

Area in One Tail

0.005 o.m 0.025 0.05 010
Degrees of Area in Two Tails
Freedom 0.01 0.02 0.05 010 0.20
1 63.657 31.821 12.706 6.314 3078
2 9.925 6.965 4303 2.920 1.886
3 5841 4.541 3,182 2353 1.638
- 4604 3.747 2776 2132 1533
5 4,032 3.365 2571 2.015 1.476
6 3707 3143 2447 1.943 1.440
7 3499 2.998 2365 1.895 1.415
8 3.355 2.896 2306 1.860 1.397
9 3.250 2821 2262 1833 1.383
10 3.%69 2.764 2228 1812 1.372
n 3.06 278 2201 1.796 1.363
12 3.055 2681 2179 1.782 1.356
13 3.012 2.650 2160 1.771 1.350
14 2977 2624 2345 1.761 1345
15 2947 2.602 2131 1.763 1.341
16 2921 2583 2120 1.746 1.337
17 2898 2567 210 1.740 1.333
8 2878 2552 2101 1.734 1.330
19 2861 2539 2.093 1.729 1.328
20 2845 2528 2.086 1.725 1.325
21 2831 2518 2.080 1.721 1.323
22 2819 2508 2074 1.7 1.321
23 2807 2500 2.069

1.714

1.319




Maodel Fit Measures

Owverall Model Test MOde' se S.taFIStICky
Madel R 2 adjustedR | F o o 3 vyznamneé odliSuje od nuly;
1 0,718 0.516 0495 25.0 2 47 <,001 pFI dané urovni teStu tedy
odmitame HO: B, =B, =0

Madel Coefficients - obama2012

95% Confidence Interval 95% Confidence Interval
Predictor Estimate SE Lower Upper t P tand. Estimate Lower Upper
Intercept 31.226 8.515 14,006 48,355 1ET =001
ba_or_more 0.977 0.249 0476 1478 3.8z < 001 0.449 0.218 0.680
abortlaw10 -1.531 0.450 -2436 -0.626 =340 0.001 -0.390 -0.620 -0.159

Koeficient priseciku i koeficienty
sklonu jsou statisticky vyznamné;
pri dané urovni testu tedy
odmitame HO: =0

* Koeficient (Estimate) = odhady hodnot koeficientl pruseciku a sklonu
» Beta koeficienty (Stand. Estimate) = std. odhady koeficientl sklonu

e Std. chyba (SE) = pfesnost odhadu koeficientu (viz Handl 2009)

* t-hodnota (t) = testovaci statistika koeficient(; t = koeficient / SE

* p-hodnota (p) = pravdépodobnost, ze pozorujeme danou, nebo
extrémneéjsi, hodnotu testovaci statistiky t pri platnosti HO: B =0



Shrnuti

Linearni regresi vyuzivame pro predikci hodnot spojité proménné (ZP)
v zavislosti na hodnotach jednoho i vice prediktort

Zpravidla nas zajima, do jaké miry specificky prediktor ovliviuje
hodnotu ZP pri kontrole ostatnich prediktori = vicecetna regrese

Vicecetnd regrese umoznuje testovani kauzalnich vztaht pfi
predpokladu uspésné kontroly ostatnich nezbytnych podminek

Jako kazda metoda, linearni regrese spociva na radé predpokladi
(nasledujici prednaska)



Vicecetna linearni regrese v Jamovi

Teoreticky ramec: volebni chovani je do urcité miry urceno
sociokulturnimi stépnymi liniemi (Norris & Inglehart 2019; Lipset &
Rokkan 1967)

HO: Podil protestantt relig_prot (prediktor X) neovliviioval volebni
podporu Obamy obama2012 (zavisla proménna Y); B, >=0

HA: Podil protestant( relig_prot (prediktor X) snizoval volebni
podporu Obamy obama2012 (zavisla proménna Y); B; <0

Které dalsi proménné by mohly vysledek Obamy ovlivrhovat?




Vicecetna linearni regrese v Jamovi

Teoreticky ramec: volebni chovani je do urcité miry urceno
sociokulturnimi stépnymi liniemi (Norris & Inglehart 2019; Lipset &
Rokkan 1967)

HO: Podil protestantt relig_prot (prediktor X) neovliviioval volebni
podporu Obamy obama2012 (zavisla proménna Y); B, >=0

HA: Podil protestant( relig_prot (prediktor X) snizoval volebni
podporu Obamy obama2012 (zavisla proménna Y); B; <0

Které dalsi proménné by mohly vysledek Obamy ovlivrhovat?
— socioekonomicky rozvoj (per capita income: prcapinc)
— podil méstského obyvatelstva (urban)
— konzervativnost politiky vici gaylm (gay_policy_con)
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I ¥ ¥ < B & @
Exploration T-Testz ANOYVA Regression Frequencies Factor R

(a abort ran.. | ¢ abortion_.. | Correlafion Metrix w_more | & cig tax12 | & cig taxl
1 | Less restr | 35 ILirearRegress'or I 26.6 2000 HiTax =
2 - Mid 20 220 0425 LoTax
3 | More restr L 189 1150 MidTax
4 | More restr J Outcomes 256 2000 HiTax
5 | Lessrestr 48 Binomial 299 0.870 MidTax
6 | Mid 23|\ Ouicomes 339 0840 MidTax
7 | Less restr 45 Multingmial 356 3400 HiTax
8 | Mid 30 | Grdinal Qutcomes 287 1600 MidTax
9 | Mid 26 233 1339 MidTax
10 | More restr 9 99 27.3 0370  LoTax
11 | Less restr 42 99 296 3200 HiTax
12 | Less restr 7 74 51 1360 MidTax
13 | Mid 22 7.3 29 0570  LoTax
14 | Less restr 36 117 30.6 1980 HiTax
15 | More restr 7 81 225 0995 MidTax
16 | More restr 11 10.2 295 0790  LoTax
17 | More restr 17 85 210 0.600  LoTax
18 | More restr 1 6.9 214 0.360  LoTax
19 | Less restr 40 164 38.2 2510 HiTax
20 | Less restr 43 160 357 2000 HiTax
21 | Mid 31 9.6 269 2000 HiTax
22 | Mid 18 94 246 2.000 HiTax
23 | Mid 28 103 315 1600 MidTax
24 | More restr 8 9.5 23.2 0170 LoTax
25 | More restr 15 71 196 0.680  LoTax
26 | Less restr Ll 83 74 1700 MidTax
27 | Mid 27 2.3 26.5 0450 LoTax
28 | More restr 12 6.7 258 0440 LoTax
29 | More restr ] 88 274 0.640  LoTax
30 | Mid 32 11.2 320 1680 MidTax
31 | Less restr 45 129 45 2700 HiTax
32 | Lessrestr 38 104 253 1660 MidTax
33 | Less restr 39 76 218 0.800  LoTax
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Bfb i R o
Exploration T-Tests ANOVA Regression Frequencies Factor R Modules
Linear Regression @ Linear Regression
& obama_win12 > | | @ obamazo12 ‘ A )
& pop2000 Model Fit Measures
& pop2010 Covariates Overall Mode! Test
& 0p2010,hun thou = | | ¢ relig_prot Model R R F dit dr2 0
\'"',.\ popchng0010 1 0413 0.170 2.86 1 48 0.003
& popchngpct
& pot_palicy
[ i Model Coefficients - obama2012
c”. prochoice Eactors — -
[ i redictor  Estimate SE t P
c.\. prolifa 5
& relig_cath Infercept 63195 49721 1271 <001
< relig_high religprot  -0287 00914  -314 0003
(-",l‘ relig_low
& religiosity3 -
> |Model Builder
> |Reference Levels
References

> |Assumption Checks
[1] The jamovi project (2019). jamovi. (Version 1.0) [Computer Software], Retrieved from https://www,jamavi.org.
v I Mode| Fit

Fit Measures Overall Model Test [2] R Core Team (2018). R: A Language and envionment for statistical computing. [Computer software]. Retrieved from https://cran.t-project.org/.

|| R

| | Adjusted R®
[ | aic

[ |eic

[ | RmsE

> | Model Coefficients | |4 ’
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Exploration T-Tests ANOVA
& nader0d | ¢” obama03
1] 10087 37.89
2 1.100 38.74
3 1.456 38.86
4 2879 4491
i 1818 60,94
6 5.251 53.66
7 4416 60.59
8 2536 61.91
9 1.635 5091
10 0.517 46.90
1 5817 71.85
12 2233 53.93
13 2450 3591
14 2.188 61.86
15 0.843 4087
16 3.366 41.57
17 1.502 4113
18 1.160 3093
19 6421 61.80
20 2.6535 61.92
21 5.696 ETA|
22 1.989 57.33
23 5195 54.06
24 1.632 49.24
25 0817 43.00
26 5.846 471
27 4970
28 3291 4447
29 3521 41.80
30 3.801 5413
]| 2.867 57.14
32 3.550 56.91
33 2464 55315
34 3.577 62.88
35 2.505 51.38
36 34335
7 5.043 56.73
38 2104 54.47
39 6.124 62.86
40 1461 44.90
4 4473
42 0.953 41.79
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M« Linear Regression
Me(

MeC
M & incpctm Q-
0be & vemyn4
0oz 4, libpct_m
Obe s .
&’ mecaind
Obz & modoct
Ohz 4,: modpet_m
Mct 4, naderdd
0Oh: & obama0s
Obz (s obama_win0s
Met & overéd
Obz & permit
Obe N
& pop 1824
MeC
MeC & pop_18.24 10
M Ga region -
Obz -
> | Model Builder
Obz
06z » | Reference Levels
Obz
Obz % | Assumption Checks
McC | -
Vet v | Model Fit
Mcd Fit Measures
Obz
Mc( iR
Mc( v R
ot | Adjusted R
Obz
oz || AIC
Obe || sic
ohg [ ] Rwse
Obz
McC |
Oz ¥ | Model Coefficients
Ob4 b | Estimated Marginal Means
Obz
McC
McC
Me(~
3
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Dependent Variable

3 <, " obama2012

Covariates

3 c, " relig_prot

Results

Linear Regression

Model Fit Measures

Modules

Overall Model Test

& urban Model R i§
" preapinc 1 ot 05w I 055
Factors
i Model Coefficients - obama2(12
3§ | &2 gay_policy_con
Predictor Estimate SE t p
Intercept * 149954 124388 1.206 0234
relig_prat 0.0979  0.0919 1.065 0.293
urban 0.0640 0.0844 0.758 0453
" gay_policy_con:
Yes - No -11.5345 24015 -4803 <001
preapinc 878e-4  284e-4 3003 0.003
=

Overall Model Test

W Ftest

* Represents reference level

References

[1] The jamovi project (2020). jamovi. (Version 1.6) [Computer Software]. Retrieved from https://www jamovi.org.

[2] R Core Team (2020). R: A Language and environment for statistical computing. (Version 4.0} [Computer software]. Retrieved from https.//cran.r-project.org. (R packages
retrieved from MRAN snapshot 2020-08-24).
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Exploration  T-Tests ANOVA  Regression Frequencies  Factor
Linear Regression
4 - Dependent Variable
& indpet_m Q p
rS = | | & obamaz012
& kerryd
& libpct.m Covariates
& mecaings S | |4 relig_prot
& modpetm °/ urban
6/ nader00 4 preapinc
c, obama03
= obama_win0a
:a h Factors
& oversd s -
e’: over = | | &a gay_policy_con
& permit
& pop_1a_24
& pop_18.24.10
6% region
c, relig_import Weights (optional)
& religiosity v | =
% | Model Builder
» | Reference Levels
% | Assumption Checks
% | Model Fit
v |M0de| Coefficients
Qmnibus Test Standardized Estimate
D ANOVA test Standardized estimate
Confidence interval
Estimate

Confidence interval

Interval %

b | Estimated Marginal Means

¥ | save

Interval %

Results

Linear Regression

Model Fit Measures

Jamovi - states

Model R R

Overall Model Test

Adjusted R F dft

df2 p
1 0.1 0594 0,558 16.5 4 43 <001
Madel Coefficients - obama2012
95% Confidence Interval 95% Confidence Interval
Predictor Estimate SE Lawer Upper t p Stand, Estimate  Lower Upper
Intercept® 149954 124338 -100576  40.04340 1.206 0234
relig_prat 0.097¢ 00019 -0.0872 0.28207 1,063 0.293 07408 -0.125 0407
urban 0.0640 00444 -0.1061 0.23395 0.758 0453 0.0926 -0.154 0339
gay_policy_con:
Yes—No -11.5345 24015 -163713  -6.69773  J-4803 <001 -1.1212 -1597 -0.651
preaping 8784 28de-4f 305e-4 000145 3003 0.003 03798 0132 0627

* Represents reference level
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¢ 3

T-Tests ANOVA

Regression

Descriptives

(w]

Frequencies

& evo2012

&b evr2012

&4 gay_policy

& gay_policy2
&% gay_policy_con
b gay_support
&% gay_support3
&% gb_win0o

| %2 ab wino4

|| Frequency tables & il
v | Statistics
Sample Size
|#| N |#| Missing
Percentile Values
| | Cut points for |4

|__| Percentiles |25,50,75

Dispersion

|*| Std. deviatiorl |#| Minimum

| | variance || Maximum
|__| Range || S.E.Mean
> | Plots

dob

Factor

Variables

&7 obamaz012

< preapinc

Split by

Central Tendency

|+ Mean

|#*| Median

| Mode

| Sum

Distribution

| Skewness

| Kurtasis

Neormality

|| Shapiro-Wilk

Results

Linear Regression

Model Fit Measures

Jamovi

- states

QOverall Model Test

Madel R R Adjusted R® dfl df2 ]
1 0.7 0.504 0.558 4 45 <001
Model Coefficients - obama2012
95% Confidence Interval
Predictor Estimate SE t Stand. Estimate Lower Upper
Intercept = 14.0954  12.4388 1.206 0.234
relig_prot 0.0979 0.0919 1.065 0.293 0.1408 -0.125 0407
urban 0.0640 0.0844 0.738 0453 0.0926 -0.154 0.339
gay_policy_con:
Yes — No -11.5345 2.4015 -4.803 -1.1212 -1.591 -0.651
preaping 878e-4  28d4e-4 3.003 0.003 0.3798 0132 0.627
* Represents reference level
Descriptives
Descriptives
ocbama2012  preapinc
N 50 50
Missing 0 0
31951

Mean 48.2

Standard deviation

Mazximum 705
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