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Abstract
As the digital economy transforms from scale expansion to quality-driven growth, it is significant to
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predict users’ shopping intention to enhance the conversion rates of e-commerce. This study uses
the UCI online session dataset as a benchmark sample to verify the prediction efficiency of Firth
Logistic Regression and Random Forest models in dealing with the problems of category imbalance
and data sparsity, and provides an algorithm framework for real-time intention prediction. The
findings reveal that: (1) Real-time behavior is the primary indicator of e-commerce transformation,
in which page values have a strong positive driving effect on purchase probability. Despite its in-
herent statistical endogeneity, it serves as a critical precursor signal for capturing the transition
from the “browsing” to the “decision-making” stage within dynamic recognition logic. Conversely,
exit rates have a significant negative inhibitory effect; (2) External contexts play a significant mod-
erating role. In big promotion months, the purchase probability is significantly improved by acti-
vating consumers’ price expectation and limited-time psychological triggers; (3) Significant deci-
sion heterogeneity exists between new and returning visitors. Old visitors are more sensitive to
page fluency and weekend windows, while new visitors rely more on the real-time guidance of high-
value pages. This study provides guiding algorithm decision support for e-commerce enterprises to
dynamically identify high-value sessions, carry out intelligent intervention, and implement differ-
entiated operational strategies.
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Table 1. Variable names and meanings
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Table 2. Descriptive statistics of selected variables

2. MOTERMAMSGITR

Variable N Mean St. Dev. Min Max
Administrative 12,330 232 3.32 0 27
Administrative_Duration 12,330 80.82 176.78 0 3,398.75
Informational 12,330 0.5 1.27 0 24
Informational Duration 12,330 34.47 140.75 0 2,549.38
ProductRelated 12,330 31.73 44.48 0 705
ProductRelated Duration 12,330 1,194.75 1,913.67 0 63,973.52
Bounce Rates 12,330 0.02 0.05 0 0.2
Exit Rates 12,330 0.04 0.05 0 0.2
Page Values 12,330 5.89 18.57 0 361.76
Special Day 12,330 0.06 0.2 0 1

%3 NZEIAMRIR, VIF OFZBIKE AT 10, BHARREG™HA) 2 EILLME, AT
EH T RSB AT

Table 3. Multicollinearity test table
3. HZEHEMREE

Variable GVIF Df GVIF(/Z*PD)
Administrative 1.816348 1 1.347719
Administrative_Duration 1.663146 1 1.28963
Informational 1.831389 1 1.353288
Informational Duration 1.692937 1 1.301129
Product Related 4.907133 1 2.215205
ProductRelated Duration 4.871247 1 2.20709
Bounce Rates 2.001281 1 1.414667
Exit Rates 2.201454 1 1.48373
Page Values 1.073652 1 1.036172
Special Day 1.259902 1 1.122454
Month 1.413063 9 1.019395
Visitor Type 1.142772 2 1.033927
Weekend 1.011995 1 1.00598

[N, BE— 20 OB AR I3 Af S /AR SR R P 22 S (L 4 R 5), A5 31 82 M it 5
FNATHEIRAE,  BIOCE DB 7 S AR B T G I K7 i, HLAI 2= R W]
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Table 4. Frequency of purchasing behavior

4. MLATRRE

Revenue Count Percentage
FALSE 10,422 84.52555
TRUE 1908 15.47445

Table 5. Analysis of mean difference of purchasing behavior

F# 5. MEATABEESDIHN

Variable Revenue FALSE Revenue FALSE Revenue TRUE Revenue TRUE
Mean SD Mean SD
Administrative 2.117732 3.202481 3.393606 3.730527
Administrative_Duration 73.740111 171.017970 119.483244 201.114732
Informational 0.451833 1.211582 0.786164 1.521176
Informational_Duration 30.236237 133.909306 57.611427 171.619131
Product Related 28.714642 40.744717 48.210168 58.267365
Product Related Duration 1069.987809 1803.797757 1876.209615 2312.214392
Bounce Rates 0.025317 0.051877 0.005117 0.012185
Exit Rates 0.047378 0.051231 0.019555 0.016463
Page Values 1.975998 9.072424 27.264518 35.191954
Special Day 0.068432 0.209054 0.023166 0.123521

4. SCIEST R
4.1. Firth $E33{0A#R Logistic [E]VI1EH

(1) B

TERLA Logistic FIARAGS B, UREARER DN, LHEMBRLERZ, BB MAME, A0 L b
IR HEWTHT SR, 2 HI 53 9 i), RIS A5 PR e K ARG T AN A AE B AN AT SE[10]0 DAL, AR SCH 3
Firth f& MR Logistic [RIVAREAY, AR R BURAE/MEARIG LT, H1-T455 s 800 0 ik 2 ith 28 5: 80
SHTHERIRZE, 775 R A B A R A 2 BRI TE ST 0, AT K S0 AL SRS VA )
ZEPk 107

(2) BiAlgh

FRYE Firth [B] AR 45 B (ILF 6) 7R, Page Values +& 9K BN 27 & YL SR 4% 0485, L OR (M 4.5765
(P <0.05), EIRELEHMEIEALHITEN, Page Values BT —ANFAL, 28T SRR K88 0
3.5765 1%, ZABAREA NANE, B T U S RSO AL, S R R A 2 1B R R
MR F; Product Related_Duration RSV 9 3K i, J OR{H 4 1.1198 (P < 0.05), EMELE
HABSFAFAAZ 1B DL, Product Related Duration BFE&FF— AL, I/ A& N EATHEZR KL 0 0.1198
. M, Exit Rates Xof ) SERE AL 7 A B2 1) R sl 404 A, 3L OR {0 0.4782 (P <0.05), KT Z 1)
Sy IRE RS i ok -
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Table 6. Logistic regression results

%= 6. Logistic B3R+«

Variable Estimate OR Lower CI Upper_CI P_Value
(Intercept) —3.5038 0.0301 0.0077 0.0831 0.0000
Administrative 0.0049 1.0049 0.9835 1.0267 0.6530
Administrative_Duration -0.0213 0.9789 0.9141 1.0455 0.5306
Informational 0.0319 1.0324 0.9789 1.0879 0.2383
Informational Duration 0.0122 1.0122 0.9511 1.0742 0.6963
Product Related 0.0018 1.0018 0.9995 1.0040 0.1300
ProductRelated Duration 0.1131 1.1198 1.0160 1.2439 0.0221
Bounce Rates -0.2012 0.8178 0.5969 1.1068 0.1953

Exit Rates —0.7378 0.4782 0.3793 0.5977 0.0000

Page Values 1.5209 4.5765 4.1975 5.0017 0.0000
Special Day —0.1118 0.8943 0.5566 1.4016 0.6325
Month Mar 1.0992 3.0017 1.0888 11.6473 0.0316
Month May 1.0522 2.8639 1.0539 11.0171 0.0377
Month June 1.3030 3.6802 1.2179 15.0101 0.0188
Month Jul 1.6937 5.4394 1.9077 21.4977 0.0006

Month Aug 1.6104 5.0049 1.7558 19.7766 0.0013
Month Sep 1.6024 4.9649 1.7503 19.5664 0.0013
Month Oct 1.6021 4.9637 1.7662 19.4602 0.0011
Month Nov 2.1451 8.5426 3.1354 32.9364 0.0000
Month Dec 1.0065 2.7360 0.9903 10.6258 0.0526
Visitor Type Other —0.4549 0.6345 0.2113 1.5964 0.3548
Visitor Type Returning_Visitor —0.3320 0.7175 0.6074 0.8492 0.0001
Weekend 0.0962 1.1010 0.9576 1.2640 0.1759

(3) “FIIHBRRS

N T EINE AT R AR R SEERTTHRTE O, AT SR TP 230 B RN AR A 251> A8 B0l T SRR
H PRtk SR ER(ILE 7), PageValues BT HIUPR RN A 0.1255, REWIEREATEIKP L, %
TRbr R — AL, B T RIMERIE N 12.55 N E R X85 RA JJUESE T U R P iR
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Ak i R e 5 B AUT . Exit Rates [ F#1A PRAN &-0.061, XKW Exit Rates FEEfN— >4,
FEL T P D S it AR 2 BRI 6.1%,  H I AT R0 P 7 £ 2% DT 445 SR 2 138 20 T oA s ) B o 12 DT A
D) 5 5 1) LT RoF A 24 ey K 1 2 7 re M

AR, ASOR A A3 (Month) (P BIRUSEAT V5, 11 A B BRRNAE Fr s 45 sk, 9 0.3064,
HAE 1%/ FRE . ZXEWE R MRREREL T, 11 ARETG Ui AR L 6,
VS5 it R B AR T 30.64%,  FE AL 1 A BEGLHSIE B0 FL U 7 b R U £ o

Table 7. Average marginal effect
= 7. FBRR

Variable dF/dx Std.Err. z P> ||
Administrative 0.0004 0.0009 0.4314 0.6661
Administrative_Duration —0.0018 0.0028 —0.6307 0.5282
Informational 0.0026 0.0022 1.1689 0.2425
Informational Duration 0.0010 0.0026 0.3712 0.7105
Product Related 0.0001 0.0001 1.4626 0.1436

Product Related Duration 0.0097 0.0043 2.2774 0.0228 *
Bounce Rates —0.0172 0.0127 —1.3544 0.1756

Exit Rates —0.0610 0.0094 —6.4590 0.0000 -

Page Values 0.1255 0.0062 20.1433 0.0000 -
Special Day —0.0098 0.0194 —0.5052 0.6134
Month Mar 0.1454 0.0976 1.4892 0.1364
Month May 0.1248 0.0802 1.5563 0.1196
Month June 0.1996 0.1328 1.5033 0.1328

Month Jul 0.2832 0.1445 1.9604 0.0500 *
Month Aug 0.2645 0.1413 1.8720 0.0612
Month Sep 0.2624 0.1404 1.8696 0.0615
Month Oct 0.2607 0.1383 1.8853 0.0594

Month Nov 0.3064 0.1154 2.6556 0.0079 **
Month Dec 0.1328 0.0957 1.3878 0.1652
Visitor TypeOther —0.0350 0.0275 -1.2757 0.2021

Visitor Type Returning_Visitor —0.0300 0.0087 —3.4592 0.0005 -
Weekend 0.0080 0.0061 1.3200 0.1868

4) T iEFR
AR 2| ROC MIZ 15 AUC B ME AT VP4 Firth 22585 5] V=85 78 5 78 28 A4 3 in) 1 Pl R4
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Figure 1. ROC curve
[ 1. ROC Bh%%

4.2. FEHLARMR LIRS

(1) B R

BEATLARMR A —Fh B B2y 1 5005, el i 2 22 MR R RO SRR v TR AE A 2« BEATLARARAE B Bagging 5
XSRS BBENLAE A 2 MR EE, ARG X RN I GREE SR F R SV E e o e, AR Z AR 2 4
PR RN B A TR o AR TR SR bk £ 1) B AR B N 70 2805 i, AT AR kAT B B R
[11], FZIE BRI RGP AW RIS R, T H i 8 f 8 E PEANZ AL RE

(2) BALLS

FET ARG A R BENUARARRAE S VR (L 17 M NAZ ), BEAUAR ML e L 1 S8 008K i) ) 44
REFFPE At 1l SEARRAE BBV . N R B E N AT R 2 FR. fEX AR,
MK B AR TR FE RS ) f FE 7, Page Values. Exit Rates. Bounce Rates. Product Related #% %1 4 il
DU = ) S 7= AT R BRI DU K B SEERRAE s MO tH AR B e o 1tk PR S 2 71 £, Page Values. Product
Related Duration. ExitRates. Product Related. Month [ E ZEAKIKAL TR T FET b, BEFLARMREALT)
S5 R 5HIOC Firth ZE3BR Logistic AR EE R HAHENIE, W 704510 8 By etk

4.3. RS

NT PR A FIRE R NG SE R Sl B2 5, ASORAE VIR 1 P 248 Bl sk, Fa e
R NI E S R FREA . 451 nE 8 Fin.

UL B (Page Values)7E 4L IITE 1% KK FEZENIE, HvigmR2ECN 1.9854, BETRHIV#H
() F B 1K 2B i O (B DU A5 S V8 3T P PRI B L (i i K B L A 0 e 1 1) 31 i R T 0
B 77 IR H 2 (Exit Rates) (U0 [B1 15 # HAA B35 1 Sl 520, 03707 2% FEAN L35 o 3 Ul BH [ 45 25 06 A i
T2 P oy B B SR UG, A AT 5 0T 2 IR 1) 7 T 48 o 8 2 S 38 o) L R D e
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(RIS, [315 5 A ) S 7 i AT D3d 52 BT 1) H 1585 € 1 H (A RER Y 16 A 9) I LA (Special Day)

AT N A R (Weekend) RS 25 50 o Hor, Rk H IS 0105 6 235 S R0, R 409-0.9459, [

(815 5 AL RAE BTIUIIN) “ o OLER” JCoBH s 17 Jo) AR A I 2 W [y 2 BEAG A 1R E AR H BEAT R 3

PageValues 9 PageValues . 9
ExitRates o ProductRelated_Duration | ©
BounceRates o ExitRates o
ProductRelated . o ProductRelated o
ProductRelated_Duration o Month o
Month_ ) o TrafficType o
Administrative o BounceRates )
Informational ) o Region ) ) o
Administrative_Duration o Administrative_Duration o
Informational_Duration o Administrative . o
VisitorType o Informational_ Duration o
TrafficType o OperatingSystems o
OperatingSystems o Browser o
Browser o Informational o
Weekend o VisitorType o
Region o Weekend o
SpecialDay e SpecialDay ©
1T T T 1 T T T T
0 40 80 0 200 400
%IncMSE IncNodePurity
Figure 2. Visualization of importance measure of input variables in random forest model
B 2. BEHARMARBEMAN T S EEZMENE AT
Table 8. Heterogeneity analysis
= 8. REMDH
Variable Coeff New P_Val New Group_New Sig New
(Intercept) -1.4016 0.0000 New _Visitor -
Page Values 1.9854 0.0000 New_Visitor -
ExitRates —-0.1457 1.0000 New_Visitor
Product Related Duration 0.4631 1.0000 New_Visitor
Special Day 0.0353 0.9559 New_Visitor
Weekend —0.2222 0.2053 New_Visitor
Variable Coeff Ret P_Val Ret Group_Ret Sig Ret
(Intercept) —-2.2550 0.0000 Returning_Visitor o
Page Values 1.3689 0.0000 Returning_Visitor -
Exit Rates —0.9472 0.0000 Returning_Visitor o
Product Related Duration 0.2587 0.0000 Returning_Visitor -
Special Day —0.9459 0.0000 Returning_Visitor -
Weekend 0.2135 0.0055 Returning_Visitor **
4.4 REMRE
(1) ZEAEK
T I 0 AL B2 AT

N T BE— B HEERAS RO R 20 WF e 4518 IO PEAE T30, ASCRA T 2R 5
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500 R Pt ATL B #e BT ST Firth AR [RNHAAY, 152 BAL & Page Values [ P B AN BE 43 A (UL 3).
W FE AT B 28 2230 [0, 1 LR35 00, Moz EARKNER TR, 4&RER, BYBRII4K P
HFEE AR R Z X (P > 0.05), A SCEAERIALAS 2 1) SEFR P A (0.0000) 2K T 1% 50 M. IX—45 KA
JIHbAIE BT T T A RS 7E 4 S R 1) ) 1 ) SRS A FH RE 90 45 v B A AR AR e

Distribution of P-values in Placebo Test

Density

0.0 0.2 0.4 0.6 0.8 1.0
P-value of PageValues

Figure 3. Placebo test
B 3. =REFIRE

(2) H_L #:5:

Hosmer-Lemeshow 656 45 5 &35 (P = 1.183e—05 < 0.05), iX 3= 2 5 T AHIE 58 B A 85 k(N > 10000),
AR %G B A ZE A B RS . SR, LSRRtk 2 T AR, BERY TR 5 S PR SR AE 7E KA
B EARFE TR 3, AR SO AR AR o I S R 5 T B A R AR 5 SR S EANE .

5. R 5EW

ARSI 12,330 26 H T RIS il BdE A @ Firth 48RRI BRI, SEIAT A RHIE 2
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