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Abstract

Multiple linear regression is widely used in regression analysis. Today’s socio-economic pheno-

XESIA: ihEEn, BER, B, SR, XEE. T2 uErmE EE SRR E IR FE(MPG) TN R D). St
¢ 5N, 2022, 11(2): 206-215. DOI: 10.12677/5a.2022.112022


http://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2022.112022
https://doi.org/10.12677/sa.2022.112022
http://www.hanspub.org

i 5%

mena and changes in people’s daily life are mostly affected by multiple factors, so it is generally
necessary to carry out multiple linear regression when doing analysis, calculation, and develop-
ment. Using multiple linear regression model, this paper develops and implements a model for
automobile MPG prediction. The model is applied to statistically predict the endurance of auto-
mobile, which can further provide customers with a certain reference for car purchase.
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Figure 1. Scatter plot of all values

B 1 FmBERENHAE
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mk 1, %2,

LD

Im(formula = MPG ~ as.factor(cyl) + hp + disp + weight + acc, data = autoMPG)
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Table 1. Residuals data of multiple linear regression mode
1 Bk EIERIRE LR

Min 1Q Median 3Q Max
—9.6406 —2.5277 —0.4809 1.9960 16.1944

S8

Table 2. Coefficients data of multiple linear regression model

2. ZUEMRIER R K EE

Estimate Std. Error t value Pr(>It))

(Intercept) 38.8797135 3.0568097 12.719 <2e-16
as.factor(cyl)4 7.2195952 2.1036081 3.432 0.000664
as.factor(cyl)5 9.2635725 3.1611670 2.930 0.003588
as.factor(cyl)6 3.4582042 2.3390418 1.478 0.140104
as.factor(cyl)8 6.0961268 2.7080015 2.251 0.024942
hp -0.0673907 0.0163484 -4.122 4.60e—-05
disp —0.0008322 0.0086455 —0.096 0.923364
weight -0.0043707 0.0007889 -5.540 5.63e—-08
acc -0.0828389 0.1197356 -0.692 0.489452

BRZERRAEIR % 4.003 on 383 degrees of freedom;

Z 3 R¥J5: 0.7424, Adjusted R-squared: 0.737;

F-%ZiiF&: 138 on 8 and 383 DF, p-value: <2.2e—16.

3 E BRSO T IS A B A 1, FEBBRARZENERRE, XHdRTLUEE
KT 20%1055 %, FERRIT MR AN B2 AR AR IR bR, 1381 F 43, K 4.

LY

Im(formula = MPG ~ disp + hp, data = autoMPG)

B
Table 3. Model residuals data after removing insignificant variables (mod1)

3. BRAEELERMREFRELIE(modl)

Min 1Q Median 3Q Max
-11.3674 -3.1721 —0.4338 2.3349 16.4288

ES 8

Table 4. Model coefficients data after removing insignificant variables of (mod1)

F 4. BRAEELEFMNRE RZHEIE(Modl)

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

(Intercept) 37.469488 0.727716 51.489 <2e-16
disp —0.040818 0.004963 —8.225 2.95e-15
hp —0.058275 0.013491 —4.319 1.99e-05
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B bR 2. 4.534 on 389 degrees of freedom;

Z & R FJ5: 0.6643, Adjusted R-squared: 0.6626;

F-4iit&: 384.9 on 2 and 389 DF, p-value: <2.2e—16.

AT Ed i dr 4408 modl, 7B EMTHR St B4 modl #HTES, TR A a4
mod2, HAEHESSEIEIAC IR, KA A X A8 B I A 0 A 5 B AR A (T, W 5, % 6.

LTINS

Im(formula = MPG ~ as.factor(cyl) + disp + hp, data = autoMPG)

=8

Table 5. Modify mod1 to develop a model that add interaction terms with cyl residuals data (mod2)
2 5. 185 modl /FEM T 5 cyl XX B IAIRBIF 2 $#E (mod2)

Min 1Q Median 3Q Max

—0.4411 —2.6495 —0.6635 1.9999 17.8515

ES 8

Table 6. Modify mod1 to develop a model that add interaction terms with cyl coefficients (mod2)
52 6. 182 modl FHEMN T 5 cyl X EIAER R H(mod2)

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

(Intercept) 30.189044 2.392397 12.619 <2e-16
as.factor(cyl)4 8.043303 2.194154 3.666 0.000281
as.factor(cyl)5 7.349540 3.308410 2.221 0.026900
as.factor(cyl)6 3.340332 2.454866 1.361 0.174405
as.factor(cyl)8 6.029386 2.850316 2.115 0.035043
disp -0.025641 0.008108 -3.162 0.001690
hp -0.078389 0.013644 -5.745 1.87e-08

B bR 2. 4.221 on 385 degrees of freedom;

Z & R FJ: 0.7121, Adjusted R-squared: 0.7076;

F-4iit&: 158.7 on 6 and 385 DF, p-value: <2.2e—16.

ATUE R, 5. EEMAGLZ AR AR IXEWRAE, & IX LA S AR — A
m, MPG F#K. fife. D). HEEMSELZ EARMEMIEMHIN:, X 7 &PERIAMAEZ EHA
Wo ZEILARVEYING 1 RSB Y RE MIERA It . D 1R IX RIS O, 0 29I I ARG R R L )
e T AR AR T R L AR R R TR U AT v FE A S . H T I R S S R R i TR
HERPE, AR ARCE — AN A AMER) myeyl, 1R (4 7).

Table 7. mycyl value used to change the mod2
52 7. FSR®EEX mod2 Y mycyl (&

Mycyl

206 186

DOI: 10.12677/5a.2022.112022 210 gt FE 5N


https://doi.org/10.12677/sa.2022.112022

i 5%

AR AT AR I FoR S8 mod2, DA RAMAME, HZEMAZ] asfactor(fITHE 7% PRI
Brea A B E L REKT 20%), S2HH mod2 #78, L% 8, & 9.

A

Im(formula = MPG ~ mycyl + disp + hp, data = autoMPG)

W

Table 8. Residuals data of new mod2 of after mycyl value change

=z 8. mycyl EE XUERIHT mod2 {REITR E HiiRE

Min 1Q Median 3Q Max
-10.5285 —-2.6283 -0.5148 1.9674 16.5964

ES 8

Table 9. Coefficients of new mod2 of after mycyl value change

7= 9. mycyl {EEUSEHIFT mod2 {RBURH

Estimate Std. Error t value Pr(>Jt|)
(Intercept) 36.609582 0.703755 52.020 <2e-16
mycyl —5.735708 0.875424 —6.552 1.81e-10
disp -0.009384 0.006727 -1.395 0.164
hp —0.082492 0.013340 —6.184 1.59e-09

B ZEARAEIR % 4.307 on 388 degrees of freedom;

Z & R T 0.6978, Adjusted R-squared: 0.6954;

F-4iit#&: 298.6 on 3 and 388 DF, p-value: <2.2e—16.

WL MPG 5HEARIHUSE, % EMA modl, BEZMAZENHELRE. M8 IXRZ I
ATFEG, RPER A B RS R . 33 42HH) mod3, Wi (3 10, & 11).

LIPS

Im(formula = MPG ~ disp + hp + poly(weight, 2), data = autoMPG)

BRZE
Table 10. Residuals data of mod3 obtained by changing the numerical variable of polynomial variable from mod1

F 10. A modl B Z MR L ENKELEFFHAIEE mod3 XEHIE

Min 1Q Median 3Q Max
—11.7943 -2.3727 —0.4529 1.9596 15.4264

ES 8

Table 11. Coefficients of mod3 obtained by changing the numerical variable of polynomial variable from mod1
F 11. fH modl ERZIMA T EMHETEEFHAER mod3 R

Estimate Std. Error t value Pr(>It))
(Intercept) 30.243277 1.271720 23.781 <2e-16
disp —0.004566 0.006239 —0.732 0.465
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Continued
hp -0.056568 0.012342 -4.583 6.18e—-06
poly(weight, 2)1 -82.405941 11.391152 -7.234 2.53e-12
poly(weight, 2)2 27.526552 4.095624 6.721 6.48e-11

BRZERRAEIR % 4.019 on 387 degrees of freedom;

Z 3 R*¥J: 0.7376, Adjusted R-squared: 0.7349;

F-4iit&: 271.9 on 4 and 387 DF, p-value: <2.2e—16.

3t mod3 Ja B 05 5 mycyl KA BB AR . 75 E A > 2 T s, B
REHIVRAFEE, X MEAFA modd. W 12, % 13,

LD

Im(formula = MPG ~ mycyl + disp + hp + poly(weight, 2), data = autoMPG)

BR
Table 12. Residuals data of mod4 after modification containing the interactive items with mycyl
% 12. 885 mycyl BIRZR BEWEE modd FREHE

Min 1Q Median 3Q Max
-11.2382 —2.2908 —0.4385 1.8893 15.5598

S8

Table 13. Coefficients of mod4 after modification containing the interactive items with mycyl
# 13. B85 mycyl W ETERE modd ¥

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

(Intercept) 30.150451 1.253435 24.054 <2e-16
mycyl —3.133488 0.884613 —3.542 0.000445
disp 0.009615 0.007337 1.311 0.190772
hp —0.067839 0.012571 —5.396 1.19e-07
poly(weight, 2)1 —77.039910 11.326679 -6.802 3.95e-11
poly(weight, 2)2 21516735 4.377976 4.915 1.32e-06

BRZEFRUER % 3.96 on 386 degrees of freedom;

Z & R FJ5: 0.7458, Adjusted R-squared: 0.7426;

F-4iit&: 226.6 on 5 and 386 DF, p-value: <2.2e—16.

AR S, Sl LA EAT T2 (B 1 adjR2 and s P AN4U(E, 151 F 4 14,

Table 14. Comparison of two values adjR2 and s between mod1, 2, 3, 4
F< 14.modl. 2. 3. 4 Z[8 adjR2 # s BN HERIFTEL

$adjR"2%$ 0.6626 0.7076 0.7349 0.7426

$s$ 4.534 4.221 4.019 3.96

WX, ARAEEL RN, E 5% mod3 5 mod4, XTLE modl 5 mod2 A £ AR THE D, fE
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PR AR R B E LT, FTLAHERR; modl 5 mod2 AHXTEE, modl R 2 E Ik mod2 BBk, B LNt
EC S5 AT LA Y mod2 Jy B A id A A

3. GRS

S, ARGE R JFIFT DL mod2 N S ad MR R . IR BN I E R AR AT AR I, A AR
BOR B AFAEIESEAMEE T 200, 53 M & 2, K 3,

##
## studentized Breusch-Pagan test
##
## data: mod2
## BP = 23.326, df = 3, p-value = 3.454e-05
Figure 2. Bptest detection output
2. Bptest &M% H
##
## Shapiro-Wilk normality test
##
## data: mod2$residuals
## W = 0.96482, p-value = 4.281e-08

Figure 3. Shapiro.test detection output
[& 3. Shapiro.test #&:M4 H

B AT SR SR WA, influencePlot() A ZH A I AT A A, 7R B 1A = 00,
73 )8 A AL AT RUEAN R S, AN B R S 5 B R . SR 4 538 15

1% H
< )
l 334
™ |
o :
5 C% N
° I
4 |
(4 - |
» 8 éo
= o e e L R 28. _
B o ° o © 2180
=}
N 08 C? ©
v 1856 8. (T S
@, ;
|

0.03 0.04

Hat-Values

Figure 4. Detect leverage points and influential points detection output

Bl 4. #IHF R SR
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Table 15. Detect leverage points and influential points detection output
= 15. MAT R 5700 S

StudRes Hat CookD
28 0.1029127 0.046800957 0.0001303341
278 —0.5154153 0.043826940 0.0030498747
323 3.8274994 0.005507743 0.0195941641
334 3.4328540 0.039899753 0.1191235887
388 3.9637792 0.019292656 0.0744473346

PR VIf QR R 3 ek, B RS vif KT 10 264, /T 10 Ron AN B 2 ELANE, M
KT 10 MR A BORK 2 LA, R NG AHKT 10 A2 2050, HEZHCKT 10 HAER
e JUHIE B 2 X 2 B TR ) 000 5 2 BRI s 45 2t o 16

Table 16. Collinearity detection
%< 16. &k

mycyl disp hp
4.037366 10.442030 5.556574

wJa ATUAE 7 A 4 R E MR G SRR, TN S 1 vif #h T 10, Fr
AR 2 LA, WA HERR vif KT 10, (EHEFGENINGEDT, e A 2 EILZVE(E thx i
MBEATERRIFE, A EE T HARE) modl. 3. 4, mod2 175982 i hid & AR AL

4, 4Eip

AR 2 TeE 7 A 7 8 2 F AR R R Ju SRR, HTE) R 15 5 SC YA mod Jf i
FXFEE, B 2R A 20 SN R I AT AN, B DR IR 22 5 R PR B (K. 5 BE R R AE T R A 1
T G B CHEBR A R E AR, FENE RSN R R M MRS S 7O e, Wi 12k
A AR 2 B IR LB, AR IRRE 7 EER — LA AT R . 2 e R T AR H R AR T AR AR R
UM S A GUREAT W B, BEAn eI S e 40 RO TN b, [RDA: 75 B2 P 4 Jm 24T 2 T bk el ) 46
RN AL[3], A KA ST P A E AR RN, AT DU OSSR R 1R shid A
RKRBEBEARLEPRBNIZ AN [4]o 2R R AL S 2 5] v LA B0 — A2 S UK[5], fERKK
s N T Re S — N AR H A R R NE -5 R PR R FEAR A

E&WE
R 4 T SR 55 H (ZDYF2020020).
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