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Research on Macro-Level Factors Influencing Science and Technology
Talent Mobility Using Explainable Machine Learning

Xu Nini,Meng Han,Zhu Shuwan
(School of Management , Hefei University of Technology , Hefei 230009, China)

Abstract: To accurately identify key influencing factors and their impact mechanisms on science and technology talent
mobility, this study employed panel data of China’s 31 provinces ( municipality, autonomous region ) from 1978 to 2023 to
construct an XGBoost-based prediction model for science and technology talent mobility. The SHAP interpretation method
was then introduced to conduct global interpretation of feature importance , feature dependency analysis, feature interaction
analysis,,and regional interpretation. The results indicate that:science and technology talent mobility is most significantly
influenced by the research environment,followed by the education environment,economic development level ,income level ,
and living convenience, while the impact of industrial structure is relatively weak; The research environment exhibits a
positive linear relationship with science and technology talent mobility ,whereas other factors demonstrate complex nonlinear
relationships ; Significant synergistic effects exist between economic development level and research environment,as well as
between research environment and living convenience ; Significant regional variations exist in the dominant drivers of talent
mobility across eastern, central, western, and northeastern China. Based on these findings, policy recommendations are
proposed to promote the rational mobility of science and technology talents among regions.
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Table 1 Macro influencing factors indicator system
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Table 2 Comparison of model performance

A R? MSE RMSE MAE
XGBoost 0.92 13.51 3.68 1.88
Random Forest 0.89 17.08 4.13 2.31
SVR 0.89 16.35 4.04 2.05
MLP 0.76 38.72 6.22 3.41
KNN 0.72 38.63 6.22 3.20

2.2 ETF SHAP WERIERR S
22.1 & RBBES

FER BT IERY |- BT SHAP J7 i XHEE ieh
IR RSN, IR P A PR e e
BEAEPFATEEAS 1 SHAP Value 4RGPS, MOPE =9 £
RACIEXE R A A B TR I L BT o b s
% BRIV AR SHAP (6, A (WL AR e 2
VISR IE s S e TR M P B O AE 2 B S .
O MRS 8, 2 6 b (e, U o 0 0 20 30 40 50

SHAP value (impact on model output)

O FIRFFIEE AR,

MFHEEZ MR A , B PR 0 DT Hk B 1 2%
TR, R B AA RS B £ 5
PESZIR. U BURHIF PR i SRSk SR | 70 R 28 S TP CAART 6 M BT E R OB R N
R AR & R 0 J At S 45, DT oA 85 DX 3R 8 i S BK B1) . LA R AE e Bk B e e HE SR YR R 2
BIEE AU R RIKT WK AT R A= L 254 B b S Betgma. AH LN, 7l 4549 i Tk
FE AR, 33 577l e Y R S SR PR AE AT

MAFESZIR J7 0 R, BHIFAE ) SHAP (B0 A LAEME R 32, B LASFRRIE(Eh 32, R BRI PR3 B
ARBREN 5 | B AA A 2R PR ) SRR (B 9% 2 X607 1 SHAP {H, (BB AR/A vhE FUEIAE DAHEH
IR A A TR sh A T sz AR R RS, 205 R B/ SHAP (547 1EA B, HAM AR 4318, 5
TRAFFAEAE A A A ™ A SR , B S B M s ), AR ik Ml IX 327 1 T8 B 3G s 5 |, T & TR b IX 7] G 32
BAES F A NA . ATKF- R 5200 J5 o] AE T B ARARA R (B Z2 % 1 £ SHAP B, 3R BT K PR 241
FIRHE AA TN TR BA—E R REPER R AR IR ERHE A AT SR S5 4 i ol s B iy 8 00
Bt A (SR B ) R RE TR 22 A0 AR AR IE SHAP i X8, {H sSURERE A 0 1, Ul BH R i i 485 6 At 2% 14 L [R) 4
FH A T A R B v 174 DX 3k, 7 (] s EL A TG o ORI el 22 5 I 5%, OGP RHEE A A I 5| ) 2 i g o e 2,
ok Z A% 0 R JRER  FRAi A TR A AT REAS 2 DAKSIRH A A S, 772518 /) SHAP B IE B A2 H AF
TFE SIS SHAP {RJ7 [0 JCHRH I DGR , RO i 7 g2 m i &2 2=, S [R) 77 b 2R BT N A 1 75 SR AE AR 25 ha v 22
S, HPr e BB B Al e 2 U RHE A A B R S K 2R
222 HFAERBSAT

Rk — ARG B — REAE AR 1 BUE X B A AT B i PR, , T € SHAP REAEARRS 4341, 2% 07 4%
SHAP LA FRFEVE R 7 B 5 T VRS bR , OV 1 4% 7200 R 28 X b2 A A ik a0 () 4 sl sl ik A, 466 %k
(HRAEVERIBREE. W& 2(a) Frs, BEERHFPAEE BB A N, SHAP {8 S8 WY1 a3 RITRHE A
PR , XTRHEE AA S B SEVE FH AR, X —S5 R EUE T RMF R AR AR A BRY & 8 Al =2 3 1) S St

— 131 —

E1 £/5 SHAP I ER
Fig.1 Global SHAP feature summary plot



PR 240 ( FHARBER) 55 49 H5f5 3 (2026 4F)

HOAT R RMIE T 5 A REHRAE St (1 S50 25 A RIS e R, 34 BB B it 4 AR 28 I 0 H G /R AR IR T ¥ R B
BNA WY ISz [, IR OIS | BHEAARA R IR SN ).

50 . 81 20
ad®e
iy .. or 15+
i 4t
30+ . 1ok
En P £ b
< 20F T < OF < 5r
= IF TN z Ll = -
10 P - OF - S
0+ " pli 5L A 3"‘-‘":1
—6* veen .
_10 1 1 1 1 1 1 J _8 1 1 1 J _10 1 1 1 | J
0 0.010.020.030.04 0.050.06 0.07 0.08 012 016 020 024 75 85 95 105 115 125
(a) BHIFAEE (b) HE AL (c) &V KL
4 1501 8r “
3r N 1251 6k i
2+ S 1001 4r o .
m 1 P m 137 w o
A, . & g [-B Or Ay r
0k BRI * »:0 DRI
= D amedtte T G 2 oast = af
“ o 'f?{-'-t.'a‘-:z':'f.-- : I X1 ] S ? 24t
b e T : ¥
A : -25F o -6
-3 A -5.0F ‘4 -8+
— 1 i | 1 1 1 1 J _’75 1 1 1 1 1 Y:" 1 1 J _10 1 L1 1 1 1 1 J
8.0 85 9.0 9.5 10.010.511.0 11.5 345 6 7 8 9 1011 12 0.2 03 04 05 0.6 0.7 0.8 0.9
(d) W A () ZE TR AEA S () k551

B2 SHAP HAEKHiE
Fig.2 SHAP feature dependency plot

L RHMITEREE (8 B 1 15 SCHBEAN (7] , 280 BB A 20 S B S A 2 A E LR MR, A 2( ) T LUK B,
SHAP {EAEFR X BIAFAER S, B A A e b LT SR AR Al REAEAE T A0« T PR IR B —
E KIS A B i ARG R A SR T IR TR 5 TR0 PR 55 A XK
AP E BT REA L LAKEI R AA ). AL SRR B I R 5 45 5 X B
ARSI R e BRI AR AR LR 5 I

LU RISl 5 i W S BB Be 22 57 7181 2 (o) P, L SHAP {HRITNACN 12, JF
RGP AR, e 2 B34 AT fiE 3 Ba i Il LR B A A Tl AR SRl A . (H: SHAP {HAE
JEIP= A TR BBl U 2 T A IR B — e 7K, — 7 T A A 22 B PR 85 ] REsd ik B 5 3 19 Pl A 25
FHE 22T R AL S IR A 5 53— T5 T, i BE A B 5 4 5™ M AR R T BESS IR A A 3l ) AN
TETE.

AT SR AA TS R B ] V BRI HZRE. ARIEE 2(d) RIS IXTE], H: SHAP {H2
TAE, RIS A N AE L VRANRHIF 55 =l SN A SRR, R A L sh A s F AT BR 5 78
HAEICA X TE], H SHAP {E % A TE(E ELAE b, Bl A SR TSR W5 I BHE AR A BI5GB P 3R, 5 [l 41 14
TR MR LT B A A DR A 0% 5 TR R SO DX TE] SHAP L H B 1% | 30T BB SO ARl ) g A 15
A A5 4 s 1A 5 WO BT PR3 4 3 9885 ST ik S B A ) R R BRI X — 45 R, Bl
W ATFARIE T I BH A BRSNS, 75 45 5 HAt A L BRI £ .

A TG AE A BE RSB AA RS MR B ERON. B 2 (e) FTRUE Y FERFEfELAT B, SHAP {EZZ L 45
JIN I MO A T35 TS A A 18 AR B A T Bl ) S B (L2 AR 5 A BE A B — K P ), SHAP fEL ] i
T UL B A A PR iR 2 i DI I 5 |, S8 AR T CE AN RESR TR A A B J A A58
A0 BT /08 B ST ) T B S M P25 (e P2 iR R A B R T, AT e R 0 e

i, VAR AR S B SR, AnTE 2(1) Bz, H SHAP {70 A 8800 o i BB 2 #
e WV AR R AT B 52 DXy ™ b il -5 24 R B BEA IR Y. i, A 487l 325 IXBRIN FoR A 2598 )
SR A JR 2 B AEAEAM IR AA T 5 T BB M A SR ek T4 B 4 DX U S QT R R R
LB R B B A AT 1. Ak AN M R BO R A A S BE R 0 22 bk it — 20 R BUL S

— 132 —



TRAGYE , 55  HE T AT A RERILAS "7 S OB A T S 22 WL e TR R 5T

TSNy Tl ) 434k, BT 45 G LA R AE 5 R SRR A T A 40T
223 HAER T HH
R T A AR A R A B R S B s |
TEREAEAESS I AT, FUATIN S, 56T XCBoost JERY  HEAY o8 s
H# FIFH SHAP 1 TreeExplainer }1-E 45 F 38 HAH , B ”5“\ 028 0.15 [ 022 B

PHIE Z ARSI SO, B %M EEes |

(s A AR AR AR B B R AT o RS = — o
05,Jﬁ?aiﬂj$i’3x§@é’éxﬂﬁiﬂuméﬁ TfEXT,Ei?@JﬁHX Z { 0.6 =
%R ST FHIFREE” R BRI RS A % (e 78 S o &
PR EASECILE 3) i AR B il 0,15 015 012 oo [l
FHAS HARAE, B 200 R K T xR ER 8 | BLRF 7 B8 055 022 | 026 m 02
S HC A B 2 ). T R —— 00
SRR ’3%“" o W < ST ER ERoEE
IR E 28 R2 #2712 94.5% , M L Z B8 1 3 ﬁ‘E 2 LHF o RE ﬂ@

3% 771525 (MSE) 4 8.9933 ML Z ATFHAR T 4.5,5%
WSS A SAL T RERAEL A BE 7 R v .

4(a) R T RHIF IR 5 A 16 (R B2 22 (] 1 28
HRFR. MO RHIFR I, PAh SHAP 58 H(H, S AR TG A K. TR R, 2RI ER BT b
TFAARAKTIT, JEIe A 1 R BE AR, 3 L AE I U W A 6 A6 0] 2 LA A S5 R A MR A B AR, Tk
PR E IR BRI R T 2 A A KOF s BB I A R IE ], S — 38 T Ui A AU RIS HEVE
LS R AA T SR, SRR 2 R B KO, 28 B (- FRA 81 9% %‘%Eﬁfﬂb}?ﬂ EAHE
ARSI M IX. A AR B S Bl R TR, 8 A S8 O AR 5. [ 4(b) BB T 28355 & K F- 58
WS Z R sE BAE . RS 20t kKT YN SHAP 28 B AR, MBI RRHIA P‘7J<ﬂ? LT KR
IKPEARK B, TCIeRHIFA SRS , 28 BAE Y T M, 3 XE LU A 30 ). Rl 25 KB $E T,
ZHA LR L RIS O KA X3, 38 B A T o™ e = K2 ‘Wﬁﬂ%ﬂ%ﬂ BEtgs &
X5 | B A B SCHEE F 5 TAER PR S 55 A X, =2 (00 ) £ X () R , eI — B R REIE & 0, #E
FE PRI R AA S B RN, X — 25 R M U AT R SR SRR IR B — 5 B {E S0
RAFVCECT , A RE 7T 0 & HE MR 5 | A 2500

3 FEXERAE
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