Software Engineering and Applications ¥/ T2 5/, 2025, 14(2), 165-175 Hans X
Published Online April 2025 in Hans. https://www.hanspub.org/journal/sea
https://doi.org/10.12677/sea.2025.142016

ETHRFEINEBREFMSFEERHPITA
DS RATERBEWEWR

® W, TFA, BAR, A=k, EXE
B LG e S T REAR R B A BE, 2 BR

Weks Hi: 202542 H19H; FHHEM: 20254F3H26H; KA HM: 20254F4A3H

HE

HE: Wi EBERMESTENEPATRISE WEETISREINHEPRATERE, A TR
BERMRE SR Hik: URBEERTEEBERMEG 5202018 E2024F6 A WA P 8RN
RN R (n = 1237), RARFMERI AT PATARHE, BAK-meansBEHEHTH P28, WEESHEE
BEE. FEHVLRRAR LSTME S M8 2% ST ELET IR R TE . &R : P LL60~793 ABERNE(79.55%),
FEUR%S 2B H RS REL(50.62%) . R FIH UM FH Bk, AR - RNELR P TR R RS B
E (RS TEECN0.68) . LSTMIERL I H B AR I TREERE(AUC = 0.961, #EFIZR =0.923), RBIRRT-FIY
IR FEBAEREH P o Blr— R RS BT IE] (R BE (SHAPE. = 0.284) R B EE M HIARE. ETE
RITR M 45 B 1T P e o RS P B AR R 4R 7132.5% . &8 FETHLE %S M L LMY BB A R0H
HERAEHF, EEHPITAMTRERMTIRETEZRAAFEEE, MEEERTFEHNEER
AIRAE T 3T R

XK ia
BREFTEG, APATRSY, PlE%ES, RATE, LSTM

Research on User Behavior Analysis and
Churn Warning Model Construction of Smart
Medical Care Integration Platform Based on
Machine Learning

Kai Zhu, Mengzhen Wang, Chunhui Tang, Yunqing Liu, Xinghong Wang"

School of Health and Management, Fuyang Preschool Education College, Fuyang Anhui

EIREE .

WESIR: kY, THHE, BEE, Xai, EXE. ETHSEINEBEFME TSP T A5 i
IR EIFARD]. B TR 5 R, 2025, 14(2): 165-175. DOI: 10.12677/sea.2025.142016


https://www.hanspub.org/journal/sea
https://doi.org/10.12677/sea.2025.142016
https://doi.org/10.12677/sea.2025.142016
https://www.hanspub.org/

Rl E

Received: Feb. 19t", 2025; accepted: Mar. 26, 2025; published: Apr. 3¢, 2025

Abstract

Objective: This paper aims to explore user behavior characteristics of smart medical care integra-
tion platform and construct a machine learning-based user churn warning model to provide deci-
sion support for refined platform operation. Methods: Using user data (n = 1237) from a smart med-
ical care integration platform in Fuyang City, Anhui Province from January 2020 to June 2024 as
research subjects, the RFM model was applied to analyze user behavior characteristics. K-means
algorithm was used for user clustering, and multiple machine learning models including logistic
regression, random forest, and LSTM were constructed for churn warning. Results: Users were pre-
dominantly in the 60-79 age group (79.55%), with housekeeping services being the most frequently
used service type (50.62%). Four typical user groups were identified, among which low-frequency-
low-value users showed the highest churn risk (risk index was 0.68). The LSTM model demon-
strated optimal warning performance (AUC = 0.961, accuracy = 0.923) and could predict potential
churning users 21 days in advance on average. The time interval since last service use (SHAP value
= 0.284) was the most important predictive feature. Intervention measures based on model predic-
tions improved high-risk user retention rate by 32.5%. Conclusion: The machine learning-based
churn warning model can effectively identify high-risk users. Differentiated intervention strategies
combined with user behavior analysis can significantly improve user retention rates, providing new
insights for the operational optimization of smart medical care platforms.
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3.1. APEREHESHT

AR AN 1237 S0 P B AT A, SRR PR R o tkmk 2 T 550k, s g
A 60~79 B IXTH], HEFEARN 79.55%. EASWUIRGLITI, CU5H & FZH1(68.31%). MEMFIGHLK
B, SECEEML R R FEERNEDTTR(55.38%), HIRZMEQ25.22%). fEHBERR AT, KRZHHP
(69.20%) R e 4 H B . BURKMIE T TH,  52.06% 1 F 7 3/15 =24k (100~299 #1431/ H), X 13.58%(1H
B AN . TELEE 1.

Table 1. Analysis results of basic characteristics of users (n = 1237)

F 1. RPERFESEER(n = 1237)

FAE e BI%(n) R EE (%)
Y3 5 582 47.05
s 655 52.95
60~69 486 39.29
R (Z) 70~79 498 40.26
>80 253 20.45
(Y 845 68.31
YR VNITA Tfh 356 28.78
HoAth 36 291
ME 312 2522
JEAETE S E A 685 55.38
Y 6 240 19.4
SEAE B 856 69.2
H I EE S g =B 298 24.09
e o 83 6.71
—Z%(>500) 168 13.58
HNUEEEZR(53) ~24(300~499) 425 34.36
=4:(100~299) 644 52.06
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TN 1237 0 F P IRRFAE R AR 1 2 b L, FE IR S5AE FH U7 T S BUIR S5 W S BT 119 28.46 +25.38
U, AR RORLIR 25 T SB35 10.24 £ 18.56 ¥k, A H 3848 IR ECH 3.85 +3.26 k. TERI (8 F 1
W, AR H ANEAR BP0 185.62+£95.24 4y, IR AR N 45.86£22.45 4y, e KIH AR
#0H 95.43£65.26 77 . W ARFIE RN, P T35 IR 55 ) [R] (A1 B8 A 25.46 £20.15 K, V¥ A7 RECH 325.86
+ 12542 K, WSEAER 2.86 + 1.15 K. Hd, FKEURS B AR 2 & T AR Vg OB IR S, B[] 1] &
AR AFRB IR HEZ R, R RS AT AR B AMEAZE R PEILE 2.

Table 2. Descriptive analysis of user characteristics (n = 1237)

%< 2. A PHEHEER M2 =1237)

FHIE4E BIE + bz R/ME 25 ffr H L 75 43hr RKME
JIR 55 A 1 100
FBURS T SE I 28.46 +£25.38 0 10 24 4225 186
A HEORH IR 25 T SE 7 10.24 + 18.56 0 0 2 15.25 225
VEEOPV €1 3.85+3.26 0.25 1.86 3.24 4.86 32
FRI T I 100
B AR 234 185.62 +95.24 100 100 200 200 500
Ve LAV 45.86 +22.45 8.5 32.45 42.56 55.24 180.5
BRI B4 95.43 + 65.26 15 65 85 115.2 450
B ) RFAE
IS 8] (] R () 25.46 +20.15 1 12.5 20.15 325 180.5
A REL 325.86 + 125.42 30 265 315 425 545
Ty SE A3 A 2.86£1.15 1 2.05 2.85 3.45 7.25

3.2.2. BFITARK O HER

BT AT b o, B IR A 2B DA EBRFAE: (1) ARS8 FH LA B 2 f ek ]
WitE, EEEPERRN LT 9:00~11:00 AR 14:00~16:00 PFIAEFEL, 705015 & RARSS SR 35.24%
F128.76%, TAEHMHER NEEE, AR FHEL 2532%, WE 1) (2) ARSSEH a2 M s T 4
FHIEFE A 25.46 £20.15 K, 50% M 7478 2015 RNEEAM MRS, WE 1(b); (3) HFIEERE 2“5
- s - R AR, MW A Y 5.2 IIZHIFEEIAN 2.5 WH, HFPATRIANMER 2 S AE(E
FVIAECR, BRI [RHER ZHIE, W 1(c): (4) MRS A & BA REMFNIERKS), 7 HER|FEE
E(m M 25%), 1 A 12 HISBHRAE CHAMER 10%~12%), W 1(d).

3.23. RFERGFERAPIHINER

(1) BSR4 383X AN [FI 28R AR 45 B o L 2T s 2 B0 P S5k 2% 2 AR 45 11 34 98 A0 17 A7 B I
e B SS o S IR 55 18 T IREL) 50.62%, & F P 5 i A IR IR 45 2R 284, L UGR AR TR FROBHIR 55-(28.35%)
BRT PR IR 55(15.24%) MRS A I #E IR 55 (5.79%) o« JE—20 3 M1 87, 78.63% 1) 7 AE LG I A 22 /i FH i
PP L B ARSSSBY, RIIF T RS T R A ZREERRE . RIBHI 3 AT 7R SR R 45 L 0
CRBURS + ATEHREL” CCFRE 23.45%, BEE 68.72%), HUE “KBURS + EITIRE” CORFE
18.62%, BEIEH 57.34%). MR EM SR ER, PR FRIFERIRS WIEMAAEZE R o AP EFE IR
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Figure 1. Results of user behavior timing analysis
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3.3. MEATMERIMEER

(1) R ARELR: FET 60 RARMH IS MRk I EbndE, TEMSE DHINQ2020 451 H 1 H
22022 4 6 H 30 H)IRGIH 273 BKH T, SRR 22.07%. shaSHRAEHLE] RN g T
PREER R, AT e R A E 75, #ERRET T 8.3 ME L, EH] 91.5%.

(2) HEAIPERELLE: LSTM BN /E S WiFe br ERBURAL, FeAlE7E AUC {H B EI T 0.961, HonHiR
FIXrae /1, VEMLAE 3.

Table 3. Performance comparison of different models (n = 1237)

3. PRMERIMAELLE (n = 1237)

A TR RS A= F1 4341 AUC
LR 0.832 0.785 0.801 0.793 0.876
DT 0.857 0.812 0.835 0.823 0.891

SVM 0.869 0.827 0.843 0.835 0.904
RF 0.895 0.861 0.872 0.866 0.937

GBDT 0.912 0.887 0.895 0.891 0.952
LSTM 0.923 0.901 0.912 0.906 0.961

(3) FHIEHEZEME M. SHAP E M Row, R0 R R topS FRAEAKIK g, Sl — IR A FH R 45 FAD B
(] (B FE (735 SHAP fE: 0.284); HI{EAINZ (T4 SHAP fH: 0.219); MRS ZHEVETRE(CFH4 SHAP {4
0.187); HI/4F#E (45 SHAP fH: 0.156); R (P SHAP {H: 0.132). HEFIEZEE SRS
SHAP {73t A — 2

(4) BEAVRALEE S J@ DR, LSTM BB RMES A G N: ¥ 21% =0.001, FRIZEE
=3, HEMLILE =64, dropout X =03, X—SHHAERIEE BRI ERERT T 3.7%.

(5) BERIPPANEE R B0k 8 1 LSTM BEAYZEMRAR F I PEAPPA 45 5 a0 R . KS fH: 0.783, FRHAMR
BAA RGFMAEX 368 7; AUC-ROC HIZE FTHIAR: 0.961; PR Mz NTHAN: 0.937; TZIRATH: “Fi
21 ROHECREERITIIRAT 7 K): WA : 1:4.2 (B 1 TR, Al 4.2 T ERIR)

(6) TRZHIU N R, s FHE TR R 0 &5 SR o) ) — R TN, 763 3 AN H I A/B A R
KUK P (20.7): T-TUE BEA7 3RARTE 32.5%; 7 XU 7 (0.3~0.7): T-TiUa B A7 R TF 18.7%:; KR H]
J(<0.3): TG BAFRIET; 5.3%. HhTE LA G F 3500 S R NF 30 B, 2 T S2im 7 ik %
FoRe I RESEA AL, T R AE R MAAIUR 1) 83.6%18 T4 91.2%.

4. ¥Wig
4.1. AP IESITAS TR XELZ I

AW S TR ] T iE A B B 2Rl &V 6 AT RHHT T 242 0, M T sk E ik
TREAERY . W FLEE R 7 AT N OCBERAE . RS RS QL s e F PR i R LR 2, R
5 & Wiz B R P A B A T H50Hs SRR AN SR AR

F P BEEARRFAE BT R, SEE T EL 60~79 B HIEFE NN E, X 5ERE A ZRAIBURAETE6].
EAER AL, AT 5E 4 H LA P o5 B (69.20%), X — 45 S 5 (TR 3245 N[ 71 HIBE FEAFAE 2 5%
R FEEM R, BEEIRTE My H AT S EEN S ER. XFh 2R TR TA
[ X 2 N I R RN 75 2 AR 4% TR SR I 22 57, AT BB St T ARHIF 5 BT VR 1~ 2 7E IR 55 N AR
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Rl E

REARE L1 A 4F 2

P AT AR M #8550 P RSO B TR R A i e o O 9505 1) S B0 W S P9 1 PRy Ay 300, 3
5 ERPENBIMWT S A R —E. BAh, AWFFIEABURSS M B A BN, X — mAEdk
R I PR ORTE . Z PRI al T A 5 E A AN RIZE TS ST URARAL DA R R H 22 HR 55 PR 3 A 9591,
NP AT AR AR S5 AN LR B AR 1 1R .

55 s o A 7, SR BUIR 552 P S A P RO AR 55 28 28, AR 35 {6 FH IR B 50.62% 0 3K 45
5 H OB TR UL, ek 7 2 AR AN H 8 LS ORI AR TR . A0TSR R I 78.63%[K HI 7
FERLE YT PO T P A DL B PR 55282, RIIII FaoR I 2 ek . X — R BLsimil 78 R T G et a
[TNNE I 4 & i e

4.2. AP 78 5RE R

FHP 0 2 AR ) R DU A S TR B P P B, P AR AN (L P AR GREE AR DY IR KU e i I
SR EXIRG N LIIRT SRR N, AR ATTIRIRE A BUAE PSSR P SR Sy ik o AR, AR et —
S TIPS, RBIEMGHMEN AN e A&, St TERI P E, A BT G HE R
B A7 KM

4.3. METERENMES BIF

FEPR PUER R M Ty 10, AWFFOR A LSTM BRI (57 Il 1 g, AUC {HIEE] 0.961 .
R AT XA N AE A% SN & 2% 21 T R (R R PO R (AUC BN 0.892). LSTM Y ) it 3
FREAE T H AU A Rl # P AT IO FPARFIE, XA Z M IR S AEMAT A Jeov B . R AR 2k
TR 5 Bl A P IR 55 [ N 16 18] A2 520 P R B e o B IR 2 5 35 28 0% 7 i R TR [ 11]-
[ISIAE5 R — 3, SR 1 ORERF P IG BRI IR B 224k

ERERIR, AUFRIUR S 2R ECE I PR SR = B R, X RIS AT
BRI B TR R fe o X ATRERBR TRZAER PSR E . s RS IR, MR 7 B
S5 MR A B AR P AT RE S B A T 0 Ot

AT T BT A AE TR &5 20 055 ] 8 R S SR U T P AT 9 2 T AN S Tt o e g 2
R EE I B, S 6 AT LASR T 21 RIRBITEERUR AT, EBEHEBIY SR T 7 Ko XN 6 St & i
PRPRAE 1 5 5T AR BT . FIUERRIN L ORISR TIAE 2 25 5 0T B A R (32.5%)
UESE 1R B SR A A 2k

4.4. MEEREESAKKGE

AT EIRHAT T BER, B U5 TR BRIk A5 28t PRI AN 5E 8 o BRI A B — 1k
AT RE NS S5 R & L A S . FEARSR ORI TTH, WA IS IXCRTF & R EEE AT 0 e b, svFRE
3R AT 5 BACRMEAN BRI AL AN, RS AWT SR T 2 M PRI, (B0 T2 1 P AT &
B R BRI 2 SRR I 48 AT RE S AT TR IR 35 8 AT B DIAR G . AESEPn it fe, JATRIMA D B4
NSRRI F AR, AR AT A OR ok e St 75 Ak S HPE TR 55« X $R-3RAT, 125 ST
RN IXSE R 3R, AT Ae A BT 50 ax i s PR S i 8 4R P B AF I SR R

YU 3 1R SR 2 53— MEAR RIE R ) H BT ASHIE 78 3 B R AR AR I R P A My 2 |, %
TR AR BT SR FH P B Ve LA FR o S T SRR 55 P (i B IR AN W, F2 4 S U
FURRRIEAR A, KA B 1 6 2 SRS HEAT R0 68 [ SRt o X AN 5 ZE 8 7 T BRI S5
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Kl &%

R ESZENREIRTF RS, ik LR oL MEEIERISL. BEEFRREET A RN
2 RAL PR Y BB 28 . ART A NG 2 107k, XS P AT T 7 &G0, vsSiiisgnie
BEMM R TN BR . BEE R RER TGN, IR e MBEE D BT ER S B EA
Myscbr it Rt — ey, FrERUIRS i, 1T REE, R MR Sl P PR A . 3K
MU EBARZ M CIHT, R EEOREEE . WMSRME . BHRAREZTTIET, RS
55 BORFERIED AR R EAE N BERS FIE T 52 IR R R R B ARAL -

E&WE

RS LITNE S 5 L B8 2024 FEERRE RORHE H (95 : ZK202401. ZK202402); %A =
EFFRE LR TARE ST H @RS 2023cxtd217).
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