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Analysis and application of game theory in estimating variable importance in linear model
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[Abstract] Objective To apply Shapley value analysis of the game theory for evaluating the relative importance of the
predictors in the linear regression when colinearity exists, and to provide a new concept of sequential importance partial R*.
Methods Shapley value analysis of game theory(proposed by Shapley in 1953) was used to evaluate the influencing factors of
hemoglobin(HB) in 757 normal adults, by regressing HB on four predictors including the white blood cell(WBC) , red blood cell
(RBC), blood platelet(PLT) and hematocrit( HCT) ; meanwhile, the sequential importance partial R* was used to analyze its
practical significance. Finally the estimated results of Shapley value was compared with others measures including traditional
methods and recommended method. Results A succinct set of predictors including RBC, PLT and HCT was identified for
establishing a multiply regression, with their relative importance values being 0. 355 3, 0. 012 4 and 0. 553 8, respectively. The
results of relative importance were consistent between Shapley value and dominance analysis. Moreover, it was found that the
partial R?* of predictors had different marginal contributions in different orders. Conclusion HCT has the largest contribution to
HB, followed by RBC, and PLT has the least effect to HB. The order of contributions is consistent with the correlation
matrix, indicating that the relative importance of the predictors in Shapley value is reasonable.
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Tab 1 Calculation of sequence importance partial

R? of each variable

Enter the Sequence importance partial R? of each variable
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Tab 2 Correlation matrix between dependent variables and independent variables
WBC RBC PLT HCT HB
WBC 1 - -
RBC 0.181 4+~ 1 -
PLT 0.254 9~ —0.090 1" 1
HCT 0.198 9+~ 0.861 4%~ —0.163 0"~ 1
HB 0.176 2~ 0.846 1~ —0.176 6** 0.958 8* * 1

WBC: White blood cell; RBC: Red blood cell; PLT: Platelet; HCT ; Hematocrit; HB:; Hemoglobin. *

icant at the 0. 05 level (2-tailed) ;

2.2 HmbhaEZ oW AaRETNFINEZRRE R
15 A SAS 9.2 Bk it i HB [ 3 4
A B Bl ) R* R R4 A 0 R DA K 3 A AR /Y
SRR SRWE 1 R M E 1R A A A
AR 1 P A7) o B R R R 25 R LR 3.
M 3 T U R — A~ A A2 DA [R] 3 O

: Correlation is signif-

**, Correlation is significant at the 0. 01 level (2-tailed)

A TR TR ff 1) 5 5 3 2 M A R B AN [R) . 40 A 461
ey 3 A EA R 6 NAE P H, E— g2
i (I RBC) /9 1 %k 5TERE A9 28 4 J& M 0. 001 5 F
0.715 8, MFrp o nl LA %t B A8 & 52 m 5 K
FARE HCT 3 Kas ) 0. 919 3, 7E M & e 4% b I
e R HCT I it
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Fig 1 R’ of variables entering the model in different orders
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Shapley {6 7€ # 43 th #9220, FI T SAS 9. 2 B4 2
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[ERE: 5 S E b DO i R Y A W Bl = b A ]l
R R Al T A S8 . [E] 53 50 8 A o
815 2R HF- 07 (8L ) AR 5C R BT 5 (partial o*)

Fe FRREE (B sy ) AH XS AL E Ce) AR F 23 #r (Co) FXS
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Tab 3 Sequence importance partial R* value of RBC,

PLT and HCT
Enter the Sequence importance partial R? value of each variable

model order RBC PLT HCT
RBC, PLT, HCT 0.715 8 0.010 2 0.195 5
RBC, HCT, PLT 0.715 8 0.000 7 0.2050
PLT, RBC, HCT 0.694 8 0.031 2 0.195 5
PLT, HCT, RBC 0.001 8 0.031 2 0.888 5
HCT, RBC, PLT 0.001 5 0.000 7 0.919 3
HCT, PLT, RBC 0.001 8 0.000 4 0.919 3
Average value 0.355 3 0.012 4 0.553 8

RBC: Red blood cell; PLT: Platelet; HCT: Hematocrit

x4 AEAEHENBTEENEZEE (R =0.9215)
Tab 4 Relative importance of variables by different methods(R* =0. 921 5)

Variable B Partial o? Biriy & C; SV;
RBC 0. 006 9 0.021 9 0.070 2 0.356 5 0.355 3 0.355 3
PLT 0.000 6 0.007 7 0.004 4 0.013 9 0.012 4 0.012 4
HCT 0.780 1 0.713 3 0.846 8 0.550 7 0.553 8 0.553 8
Total 0.787 6 0.743 0 0.921 5 0.921 5 0.921 5 0.9215

RBC: Red blood cell; PLT: Platelet; HCT: Hematocrit; f, : Suqare of standard regression coefficient; Partial {oz : Suqare of

partial correlation coefficient;f:7;, : Product measure;e; : Relative weight;C, : Dominance analysis; SV;: Shapley value

3 3

Sk Il AR B b B AR 2 A AR 2
LRPERS ARG e T R E [ AR S A R R
AR GE A R BN A F 5 45 S R b v
Il 19 2% BT 75 R AH DG 2 8007 D7 S 3 A~ A s
Y B 2 A 3l AT 0. 787 6 1 0. 743 0.5
R SR S A 22 A . Al A R X R Y
A5 B AR T 7 0 T R (R A AR
R, Moy Mg R v] L& 0 3543 B F k3 2838
(A T 45 U7 — 20, Ji B P 3543 # BT T 1 i A
AR RIS I B A B 3, A REFES
1 2R X [ 09 AR A 00 R ) A R K
EHD X [l 9 2 BR A TR A 7 A R e 4
R DT 7 fiff o8 60 Al o B> ) A8 5 X PR A% o 19 R
B 77 A R I A 22 5 R S0 2 [ A8 i 2 ] ) 2 K

S B T 2 B K . AR F R AE TR A
FEPEAR R LA b A B T SR e R P B
P 7305 o SXCRE 00 I BT b 2 B 145 A [ AR AR AR
R AR TR/ . ABIESE @ ok RIS HB 3 51
LB K B AEE W HB (i 5 28 &, HCT Xt
HB & i (1 5% W 55 K B2 MG THE 0. 553 8,45
FAY AR S 60. 10 %6, Hoyk & RBC, 5 B4 1A
Sy 0.355 3, AT AR R 38,550, PLT 52
AR AGTHE K 0. 012 4, (5 BAE S 1. 340, E %
PERIHE T 5 A P HE Y — B B i 2 R R A
B

ARWFFEAR T TS R R A a5 R
7R [F)— B 78 i DUAS [R] 1 0T i AR B B 3 3 1 )7
) B AR R B [ 5 35 X — 28 52 bR i R e
o 114 T 552 W) R 2R 5 7 5 T B sl 44 T 5 g 17 45
AR T B AARAE . 53 S A S MR RO A



5 8 M. BT R AF. X SR IR TE R [l A A 1 A e R R A T Y S T BT

+ 869 -

HhRT LA R i PR A A R R 0 DR Y BT
BR{E R B A8 & CBIAE R A 1Y p! A E A Y 51
R0ttt AR BN S 70 A 2 (R U A5 Y o 7
Ve R NS/ B TR EN R A NS EL N
4 Ak AT LA ] A A T AR

I J& 51 4 Shapley {H K fif A 22 48 2 19 i 5
B e A R — AR R S B T ik R S
TANAPMESHCEMEN 1A E M7
W i 4 Shapley 1% S 5052 2% A ] A4R A1 T
— > FBHE I S P O B DR B EE BRI B T
7S T A AT RE T A A R R R S RV

4 FzmisR
Jir A VR P AR SO 88 BAT Al £ o 5
(& % 3 K]

[1] Budescu D V. Dominance analysis : a new approach to
the problem of relative importance of predictors in mul-
tiple regression[J]. Psychol Bull, 1993, 114:542-551.

[2] Azen R, Budescu D V,Reiser B. Criticality of predic-
tors in multiple regression[J]. Br ] Math Stat Psychol,
2001,54(Pt 2):201-225.

[3] Azen R,Budescu D V. The dominance analysis approach for
comparing predictors in multiple regression[ J]. Psy-
chol Methods. 2003, 8:129-148.

[4] Budescu D V,Azen R. Beyond global measures of rela-

tive importance: some insights from dominance analysis

(5]

[6]

[7]

(8]

[9]

(10]

(11]

[12]

[J]. Organ Res Methods, 2004, 7:341-350.
Gromping U. Estimators of relative importance in line-
ar regression based on variance decomposition[ ]J]. Am
Statistician, 2007, 61:139-147.

Johnson ] W. A heuristic method for estimating the
relative weight of predictor variables in multiple regres-
sion[J]. Mult Behav Res, 2000, 35:1-19.

Johnson ] W, Lebreton ] M. History and use of relative
importance indices in organizational research[]J]. Organ
Res Methods, 2004, 7.238-257.

Tonidandel S, LeBreton J M, Johnson J] W. Determi-
ning the statistical significance of relative weights[]J].
Psychol Methods, 2009, 14.:387-399.

Roth A E. The Shapley value:essays in honor of Lloyd
S. Shapley [ M ].
Press, 1988. 330.

Cambridge: Cambridge University
Jian B. A review of statistical methods for determina-
tion of relative importance of correlated predictors and
identification of drivers of consumer liking[ J]. J Sens
Stud, 2012, 27.87-101.

Beyene J, Atenafu E G, Hamid J S, To T, Sung L.
Determining relative importance of variables in develo-
ping and validating predictive models[]J]. BMC Med
Res Methodol, 2009, 9.64-74.

Lipovetsky S, Conklin M. Analysis of regression in
game theory approach[ J]. Appl Stochastic Models Bus
Indus, 2001, 17:319-330.

[(AXHE] R



