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Abstract

Enterprises need a lot of costs to cultivate talents. In order to reduce the cost of enterprises and
the rate of brain drain, we should pay attention to the analysis of employee turnover. Employee
turnover analysis is the process of evaluating the company’s employee turnover rate. Based on the
data set shared on the Kaggle platform, this paper uses a variety of machine learning algorithms to
build an early warning model for enterprise employee turnover, compare and evaluate the mod-
els. The purpose is to find the main factors that affect employee turnover, predict future employee
turnover, and reduce the loss of employees with important values.
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BEAT T, TR ECE 0 P, AR DR O B TR IR 2 Akt SR N A BRI B k. 53 IRL R IV 11
REEFARE A THRRIRE, SRJEERE . A RN R TR TUE i A, i i AR A SRR
Bixt i TSR 2, o 4 R B RS DL AT S BTN, JF KIS (R IBORA R0 58, /b B By T
HRAFDL -

AICHK Kaggle 1 570 EHIBHEAE A BAELE, FERURIRZR L AN TIAL B ) Al 14T e S A |
GBDT #7, XGBoost #7 3 FELFMIALM G, X Aolk 03 THRORBEATHI, A Al X 03 TR TS|
KN SEHLEAT TR AL

2. XHEkERiId
2.1, MR TFLME @R

AXGUNIRE CARI (M8 K ZE R PR e A e —— DA B A A 5K “B = f(P-E) = f(LSP)” J9#iLfA)
PEEFE[E OSSP REE < Bhil (Kurt Lewin, 1890~1947) I\, A Cr3EE B2 —Flu0 B s 7R AR 75 =5
A HUE AR, — D AT (B T4 A (PRt IS (E) A AR AL, i i, AT W EGR TAMAR
AR A [1]

Mohamed Kamal Abdien (2019)/x %) {Impact of communication satisfaction and work-life balance on
employee turnover intention) R [Pk O3 TV SR S TARATE-FEI G R SRR, VR
FEVGE.,. FIFEE. HAHEE . D NRBAGAR T S S E AL, b SU8cE B3 Fn)
M. WHAOERIL, TAERIEME. TAF A EMHAAE B SRR AR TP BT, SR EE A
2 AR 2 2] o

5K HE 3G A0 (2020) B 7T 1 5% T Hs IR A AN ST AT 9 AR AN STHAAT 9 9 6 R4 R 52 TR R
A FREM, S VB Ao EALRAT A e — R LIS TSR K. [, 2 3|H b
ASCHIAT NHIFEN, WK R TR . R TR ERE S A SCHIAT AR AN SCHIAT 9 i)
JE iR it — Dy R, 38 s HR ) )= A2 3]

5K (2021)7E B3 AR g 5% TR RG] O SEMA ARG ) e i, AT Mk El o lbnt Tl 3 R
NA R BRI A T 5 5 R L SR . 8 AR N Hr BT TR R, S
T T BRE AN A AWK [4]
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SR A

PRGN A IFEANLAS 5 2] THRE R SCHF I AL SVM BEAT 1L 50, 4 50 N 7 8 U8 B i A5 £ 52 i [
o LIRS RIS BRSO R AR Fr A B KU I R U 5 Al SCAG %
JIARE 7 AS—GdE AR, RIS —ZERARAIL N 20 D R ARARE NSRRI S AL SVM AR &, FFEIE
TR SR RN SVM BRIy N 77 B B TV i) W] AT 1 5 38 P [5] -

XIFHEAE (FT XGBoost H b2 TR TMATFTY —3Crh a7 4R 2] h 34T Bagging H) i A
B ARE MR BENLAR AL T Boosting (153K (1) XGBoost, f#1H] IBM 2w [ B 5L 80 b g T A A, I
P, PRIk BOE SR AR AR, SR PR R LA N D 5, BURIRISEOR L kT
. BTAANRKTE, bl ARk S 5(6].

Wil (R HLER 2 2 AR A A A TRRIM ST 7T — 30t 58 T AR SO S HL
S BB HAT T A, AN AR T B0 AT R LSOOI R PR ELE, M T A A R LR S
ROTO IR FR R R, JEREHLER S ST R TP ISR AR T 3 TREIM ST A A, AR A A 2 1)
BURVFA R 2R SRR A 23 5] BB 7 et TR I STRaEEAT 1k PrA [ 7]

EIAE (HLaeA ST HRAE N B 55 S T FE) — SO BT LA S I BRI IsAF IR, R0
ZBORIER BEM 55 BT KI5t RMOCA = ih 513 3R S5 PEHERR R . UM B iy 28 R SF e iR
DA R FI A ll AE47 1) B KRB, (RIS 415 HH 4 AT AL A 7 > BORAE R B B 5532 F A A7 4 (1 17 /L [8]

Be@gE (GETHLE T80 BT w55 WS AR L) R AR IR bR ST, g fais
16 5 BENUARM B ARG & X S5 4R AR EAT 20187 o X BILA I AR i I 55 PRY 58 T A Y 0 AT DAY
W LI B R ORE TS k. fE, L FRTUEHERR L s IR B LR MO R A o i R Y,
LA R A AR A X L BEAT A RE[9]

3. HiELE

AICH Kaggle ~F & 70 S HIBHEAF AR R, X dolk i THCRIEAT M. A SCRAILAS 5 51 SR
BAREATHE RN, K 3 PR R (MR . GBDT #8. XGBoost A #EATXI L, $Kih
oA 3 TR IO BRI Z, AT T B3 T3 % B AR A AT ek, I il Hh el ORI et 1457t »
AR 5 TR, BRI A .

3.1 BURFHIE

ACHYE Kaggle “F & 70 =084 HR_comma_sep.csv, 15 B AHN FIRFEAS &M H A . %80
EILA 14999 K, 10 MR E:, AR R HE 3 T R JE (satisfaction_level). 547 %% #% (last_evaluation)
2 5710 H #t(number_project). “F154 A T/ER K (average_montly _hours). TAE4ERR (time_spend_company)-
S R A TAE 25 (Work_accident). 5 4 P2 75 A+ B (promotion_last_Syears). i1 ](sales). i % (salary)
&9 MFIEAR &, DK L ANHFRR R, RIZEsgHR(left), MIERA, AEIMEMEWE 1R,

Table 1. Data characteristics

= 1 BURHHE

ZE AREIBUEA 3 eyt

5 T3 % % (satisfaction_level) 92 g

BT S0 # (last_evaluation) 65 s

2 575 H % (number_project) 6 4334
¥4 [ TAF K (average_montly_hours) 215 Vg
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3.2. WHETRALIE

ik (salary) N P AR R, ASCKEAUE R EUER, HA,
Won Homen s SE ﬁlzl‘](sales)z%fﬁ%’éiﬂﬂfi’ St H3H#4T one-hot 4wig . ﬁBH(SMES)EX{E%%U%
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IT. RandD. accounting. hr. management. marketing. product_mng. sales. support. technical, 45
AEFRJE, FERE 10 DMREARE, 405 2 s 1 LR B AR AT 5 S 53 T ARRAE (B A ML AR R AL R A R
ML AT LA, 30X 5 AN 5 AR T .

Table 2. Dummy variable handling
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Figure 1. Dummy variable result analysis
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H %t (number_project). P34 H T1ERT £ (average_montly_hours). LAE£ERR(time_spend_company). &7
KA TA/E Z 45 (Work_accident). 5 4 4 & 75 7R (promotion_last_Syears). #5[J(sales). ¥ (salary); 12
WHPAR S y, B TRAEHRleft). ik, Sy b I S O, Kb U s 2l 73 ol 25
£E (train) AR 2E (text) 5 AN 840, FEVIZREE _E 7457 (model), 4R Jo 75 R 42 vb 0 Beds i A 75 (model)
53 TR o

4.1, RERER

4.1.1. RENEEE T

YRS B — P B (R 43 280505, B S B AT AR R, ) FH R G R A BRSPS AR
SR S (5 FH R SR X B B AT 0T o DS AR L I — SR AR B AT o SR R . PSR A
AL AT . BB, R B A IR AR SR A B SRR AR . B0, ORI BT R .
RS BT RNT B — B BOE SR e S A TR 56 . RIEAMS BT R, 32 B R R A B E SR
KOl A 56 P SR AR I R e AR AT U], 88 TS L e O e A D A S B R
4.1.2. REFMEBER

] 2 gy I B T 45 5 (Ddecisiontree test set prediction result), KrliR#E d i HT 20 53 T 9
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Figure 2. Decision tree test set prediction results
2. RRHMIXETUMLE R

4.13. FHMETEEEM TR
FERS AU, $EEUH 9 AMRFEA Xt B TR 75 B HR (left) KIS R A —FERT . 18] 3 A H T I o
A HRY I AN ) 45 0 28 8t TN 275 TR S B Sk (R o e A B o 7 1K) {7 7 v ) 2 I 2 1 AR B o B
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TARGERZE . WE 3 FiR, (EREMBIEIF, Xf 57 TR B R (left) ™ A= 52 5 K 2 01 i
B ¥ (satisfaction_level) , L HE 21 9 MFMEER E AWM F S B — ¥, 1 & 58 FE %
(last_evaluation) . T {F 4= [ (time_spend_company) . £ 5 Tl H % (number_project) . 34 A TAE K &
(average_montly_hours)ix 4 MBS EXF 51 T /& 75 B B (left) P2 AL (O i ROR R 2%, HiX 4 NSRG4 BRI
W PR PRI I . LA 3 ¥2 (salary). #5171 (sales). 5 4E N 4 75 FHHH (promotion_last_Syears). J&75 &4
TAEZ 4 (Work_accident)f 51 T /& 75 25 R (left) 7 A (52 IR /N

HIEER HIEEY

0 satisfaction_level 0.499112

-

last_evaluation  0.150738

4 time spend company  0.136254
2 number project  0.103699
3 average montly hours 0.090045
7 salary  0.005536
16 sales_support  0.003435
17 sales_technical 0.003218
9 sales_RandD  0.001626
8 sales_IT  0.001604
15 sales_sales  0.000973

12 sales management  0.000917
14 sales product mng 0.000839

13 sales marketing 0.000707
11 sales hr  0.000613
10 sales_accounting 0.000312

6 promotion_last byears  0.000278
5 Work_accident  0.000094

Figure 3. Importance ranking of characte-
ristic variables in decision tree model

3. RERRANFIET ST EMAHF

4.2. GBDT =&

4.2.1. GBDT &% @

B B HR T e SR (Gradient Boosting Decision Tree, GBDT) Bk A& VT Al 48 S LU B 2 1 — NS, A2
— TSR F DDA AR (R 35 R B R AR A 2H ) 50 ) 4 28 SRR I LU SR 1 Dy i R B 92 1 D77 - GBDT 22—
FRIER B EM FE, ZEE R 2 AR AR, FrA W45 BN RIE &4 8. GBDT FEH
Decistion Tree (El DT). Gradient Boosting (E GB)£ Shrinkage (35 K) = #43 2H Jik o

4.2.2. GBDT {=&E2

] 4 Jy GBDT B2l 4E Tl 45 5 (GBDT model test set prediction result), ¥4 F1 (1 8 20 /4> 52 T
(19 9 MEFIEAE B R AN L U7 (1) GBDT FLAYHh, 7551 51 T2 15 25 BR (left) A T 25 52 (0: Fm AR S HA; 1:
FOREIR). B4, TSRS 4 N, SEFREERAE N 4 A
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0 0 0 0 0 0 0 1 0 0 0 0

Figure 4. GBDT model test set prediction results
& 4. GBDT REUMIX SR HUMLER

4.23. FHEFEMTM

K5 45t T #4573 GBDT A AN AR5 AE A2 520 T &5 SR e el 58 22 (W HE /7 . nl&l 5 fiios, 76 GBDT
R, 5% T3 R (satisfaction_level) ) 5 T2 75 B HR (left)1X — Tl 45 5 52 K, HOGT Pl 28 S (1) 52 1
5 LU It 4 BRI AR B o 4 R () — 2 . TAF4EFR (time_spend_company). 2 53 H #(number_project).
BT8R0 #% (last_evaluation). “F-394F F TAERHK (average_montly_hours)iX 4 MFAEAR &% 51 T8 75 B IR
(lef) MIsZ M ZRUR — A, Hix 4 NREXT SR IR IR . # 55 (salary) . 25 KA TAEZ R
(Work_accident). #1](sales)ix 3 MFEZ &M EZEMHUE LT 8EF, BIX 3 MRS 7t TR E T (left)
FEA RS RRAR, AT ZISANTE. A4, 5 4E N &S TR (promotion_last_Syears)ik —HEAIE AR & 1t B B K
90, B 5N 2ETHIRN R &4 R LT3 .

4.3. XGBoost {55!

4.3.1. XGBoost BEE N

XGBoost & 5 BEHETH RISt SR 5% bR BN AE IS (S FH 7 A, K4 2k e B2 i R T 31 —
By, MR ERECR NN T IEN4L I, XGBoost 7£ )54 [t GBDT i Lk AT 1 ofedk, (AR R 15 2
KRIETF o MEN—Fhai A A, HAZ Gt K F 4R il A ——Boosting BAH, K2 4~552% 2] dsalid —
SEWITERE G N — A 2] 2%, R Z BRI E RSk, SR 0 45 AT /2 H AR -5 2 10 BT B i Fi0il 25
Rz 2, IEHIAERNER RIS B RALSE R, DUk 2B

4.3.2. XGBoost #EE#

6y XGBoost £ 74 il 54 Tl 45 5 (XGBoost model test set prediction result), 4 illi{4E H (1T 20
AT 9 ANMRHEBHEARN LG XGBoost 8, 7521 57 T2 15 2 BR (left) 1 T 45 (0. SRR A=
Bl 1. FoRgE). Elerh, FEIAZCN 4 N, SLhrsi S A 4 N
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0 satisfaction_level 0.545646
4 time spend company  0.172701
2 number project  0.108942
1 last_evaluation ~ 0.104416
3 average montly hours 0.064698
7 salary  0.001759
5 Work_accident  0.001621
17 sales_technical 0.000089
10 sales_accounting 0.000072
14 sales_product_mng  0.000054
9 sales RandD 0.000002
8 sales_IT ~ 0.000000
6 promotion_last_byears  0.000000
11 sales hr  0.000000
12 sales_management  0.000000
13 sales marketing 0.000000
15 sales sales 0.000000
16 sales_support ~ 0.000000

Figure 5. Importance ranking of characte-

ristic variables in GBDT model

5. GBDT 2B MET EEEHHEIF

sales_IT sales_RandD sales_accounting sales_hr sales_management sales_marketing sales_product_mng sales_sales sales_support sales_technical left ;ﬁj
[i=!
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 1
0 0 0 0 0 0 0 1 0 0 1 1
0 0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0
1 0 0 0 0 0 0 0 0 0 1 1
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 1 1
0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 1 0 0 0o 0
Figure 6. XGBoost model test set prediction results
6. XGBoost & BV X S TN 45 R
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433 FHETEEEMITH

7 YT HEE XGBoost Y I AN AR AE AR B T 45 SR S (O HE . P 7 B, fE XGBoost
FREAS AR, B3 T R (satisfaction_level). T4 R (time_spend_company). 253 H % (number_project)ix
3 ANMRAEAL BT 01 T2 75 B HR (left) 7= A A sE e AR BE d K, HLX 3 AR 50 I 45 SR PR 5 M A R S 20026 3 o
5 BT 41 0 % % (last_evaluation) « &2 77 & A4 i T 1E % Hf (Work_accident) « 1 ¥ & A T 1E & K
(average_montly_hours). #i#% (salary). #5/7(sales). 5 4 4& 75 FHHR (promotion_last_Syears)ix 6 MEFAEAS
Bt B TR B (left) = AR I BL AN K.

ISR BIEEN
satisfaction_level 0.262601

time_spend_company  0.217166
number_project  0.135003
last_evaluation ~ 0.086275
Work_accident  0.051208

average_montly_hours  0.040507

~N W o AN Ao

salary  0.025676
14 sales_product_mng  0.024068

1 sales_hr  0.021602

8 sales IT  0.020677
10 sales_accounting 0.019784
17 sales_technical 0.018226
16 sales_support  0.016409
12 sales_management 0.014992
15 sales_sales  0.014043

6 promotion_last_Syears 0.011924
9 sales_RandD  0.010376
13 sales_marketing ~ 0.009464

Figure 7. Importance ranking of characte-
ristic variables in XGBoost model
[ 7. XGBoost R AL SEFM L5 R

5. IRBMLLE
5.1. PHEARXIEECEME ., BfE. GERX. F1{EM CK &)

ALK R L. GBDT Hik A XGBoost HiE45 —FiA R 1R, SRIII 7 T2 75 2 HH .
N T A RCAWA FITNA R (PEBE, 255 FSHE, THEHER R RS H R . £ [B1% F1 {E A1 Cohen’s Kappa
RHEFVHN RIS, W13 3 s . JFRIEZR 3 R IEHR &2 &I (K 8), XEL 3 AMRERY R vEmf 2 L A=
H B F1{EA Cohen’s Kappa 740, SE4f HEHERGAYIFA X = MR A TERE .

Table 3. Model evaluation index comparison

= 3. RENFMNFEHREL XS

o T GBDT fi e X@Boost {1
e % 0.982 0.9756666666666667 0.99
FEHR 0.9492455418381345 0.9635568513119533 0.9843081312410842
HlElx 0.9760225669957687 0.9322990126939351 0.9732016925246827
F1{4 0.9624478442280946 0.9476702508960574 0.9787234042553192
Cohen’s Kappa &% 0.9506139418671222 0.9318235306569971 0.9721877315757628
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Figure 8. Model index comparison line chart
[ 8. HREMEFRXTEL T E

HER R, T ERA A R 2, BT () TN &6 SR v o, MOHERA RO . f ] 8 M A =
PR XGBoost B [ HERA % iy, GBDT AR AL HERG R I G R B B U IE R 0“1 fOFE
AL, RTINS RS, SO RO . i 8 TG = RS A s XGBoost A58 (1R i R
i, POSRASERL RRE B R A K 73 B 3R SEBR oA I FAE AR v s T A IEAE A OME SR, it DA [ 2R sy
FRLF . H ] 8 AT H =R g SRR AR (1) H Bl 2R e v, GBDT HEAY M B3 AR FL (B O AR Y
(PR, P bL FLEEOCELE . ] 8 il th =P AL XGBoost #AL1) F1 {fif K, GBDT HEAY[H
F1{E#/N. Cohen’s Kappa £t K — 85, Frll Cohen’s Kappa REGEALF. AT B A H
=M A XGBoost #7 [) Cohen’s Kappa % K, GBDT #:4!#] Cohen’s Kappa &%/ -

gi b, MK 8 FR AT ARTE I LA X =R AL R RE, PR 0 A EAS L A e () 000 R SR, e,
XGBoost B IV REB AT, PSR PERE IR 2, GBDT BRI P REAE X% 2 o

5.2. ROC Bk *%fLL

TEFRFRATEE R, FRATO =AM R AER 2. RS, HIZR. F1{EF Cohen’s Kappa ZE M abr
AT TR b A ERE R RS R G BRI AR, HARE T EBRWA S, (2
SEPRE LR AT 127 o JERKEERE R, WA RIRHG; 1BRE RIERE, N SRS
BATIRA BT 1) 45 NG R R m AT, A RIS Ry, (RS IR SR E N T E I
R TEEGAEZETN. BT EHEBUE. RPN - B R, tmT DL ROC £k 1A,
MEECATRI AL WE(E 9. B 100 E 1)FR, 23 hkEM R, GBDT Hi% I XGBoost 157
) ROC £k,

DOI: 10.12677/mm.2022.1212209 1626 AR HE


https://doi.org/10.12677/mm.2022.1212209

A&
by
S
48

o o
N [oe}

True Positive Rate

N
S

0.2

0%% 02 04 06 0’8 1.0
False Positive Rate

Figure 9. ROC curve of decision tree model
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Figure 10. ROC curve of GBDT model
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Figure 11. ROC curve of XGBoost model
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