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Change Detection in Behavior Followed by Possible Purchase
Using Electronic Commerce Site Browsing History

HIROKA ZAITSUL'®  YUSUKE MIYAKE!:P)

Abstract: In Electronic Commerce (EC) sites, consumers change their behavior toward purchasing, such
as ”search products” and "narrow products.” Detecting this change is useful for EC site operators since the
purchase rate is expected to be improved by following the changes in consumer behavior in real-time and
adaptively changing the EC site system. For performing real-time processing, changes should be able to be
detected by simple feature values from considering the amount of calculation and memory usage. Moe (2003)
classified the types of information search and the browsing patterns of product pages corresponding to the
purpose of visiting customers using EC site browsing history. Moe shows that many types of products are
browsed to form a set of products to be considered for purchase in the initial stage, but the types of products
browsed before the purchase are decreased. In this paper, we propose a method for detecting changes in
feature values in real-time using statistical hypothesis testing, using only the ratio of the type of product
attributes to the number of product visits based on the most recent browsing history. Using the browsing
history of the production environment of a EC site, the feature amount was calculated for each attribute
associated with the product. The effectiveness of the feature amount was confirmed from the change in the
time series up to purchase. We confirmed that the proposed method can detect changes in feature values for
consumers who actually made purchases.
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Algorithm 1 Change detection in the proposed method.

Require:

Stream of values: {a1,a2,...}
Window size: w,w’
Significance level: s
W+ {}
W+ {}
fort=1,2,...do
W<+ Wu {at}
if the number of W elements > w then
Drop tail element of W .
W/ «— W/ ] {T,attr(t)}
if the number of W’ elements > w’ then
Drop tail element of W’ .
Apply Welch’s t-test for every split W = W; Y W) .
/* The time series of W, W) should be continuous. */

if p-value < s then

—_ =
o= e B A e

_

t of the W)’s first element is a change point.
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Table 2 Confusion matrix when the product ID is used as a

feature.
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Table 3 Confusion matrix when the seller ID of a product is

used as a feature.
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Table 4 False positive rate and false negative rate.

REFIE 0517 0.276
i ID *

HMM 0.633 0.089

REFIE 0.650 0.336
fEsm o R#H 1D

HMM 0.801 0.066

BlzBWT, 1711 IVB»S 1755 IVRTHo7/2. U
THA b OFHAAAREMIL 1,000 S VPRGEE 2D Z &0
LELWVWEeINTHY [7], BEFIEIC L 22 btz H#H
LTINS W Z AR S Tz, SREFREIME
Z&25Y 4 Y RUNOZLMBIZDOWT, W 2&EHET
DETEDTIIRL —~ERTENEIL, BEZM#REL 2
SHEAUET L FERBREINTS Y 1], BEFEIL
922 CHIZFHERMZEMTE 2R 5 5.

AT, MEHUGREDFEIZELTH, Iy
A ZHINS VAR U T & 0 AR 2 OFiL [16] %
FLTUVs Y RUDIEwBIFw 2INELTEHZ LT,
FIZV TR LEEM EIESNIRMDRH DL EZS.

5., &

AWETIE, ECHYA bOHEEHIZL > THHARERT
b5, BEIZE 22—V —-DFE8HOA/bEIzZDONWT,
Y- OELDOMERE, S REEZERL, #EE
PR EIRE 12 & > T M %2475 Fik2RE L. £ L
T, REFEOANMEZRT-DIZ, EBEOEC Y1 bD
TuXsvavBEDOT—-XEHWT, RHEEICHWSE
mEEOME L, HES X UFIRIHEOMRZIT>72. 7
ETFEOHARMIZ 17 IVB2S 18 IVMEETHD,
EC ¥ bADEAICEWTHER W & BRI Nz,
JEME o — Y — T 2 EEICE L CRBEhe Va7 ET

© 2020 Information Processing Society of Japan

V% LEE->TED, BEMERII U CTHBEERBMENZ &
B ICED 5 2 — Y — DITE O 2L D HHIZIH - T
W53, SHOBEE UTiE, FEEOENELT 2OIE
BARDETIVADMAAARR, FHEEOMEOLEH N K E
WA DBRANEIZ L D, EREEICRI 21T S A DMGE
ETOBENRH L. 72, BAAMBIZAWSE Y VR Y %
BEEZTHET 2OTIIRL —ErcENET LI iz
2 AR O ke, IMEARIZ S U A SRR R SiE
DFEEMRET L7200,

SE X

[1] Bifet, A. and Gavalda, R.: Learning from Time-
Changing Data with Adaptive Windowing, Proc. Tth
SIAM International Conference on Data Mining, STAM
(2007).

[2] Bobadilla, J., Ortega, F., Hernando, A. and Gutiérrez,
A.: Recommender systems survey, Knowledge-Based
Systems, Vol.46, pp.109-132 (2013).

[3] Burke, R: Hybrid Recommender Systems: Survey and
Experiments, User Modeling and User-Adapted Interac-
tion, Vo.12, No.4, pp.331-370 (2002).

[4]  Cowles, M. and Davis, C.: On the Origins of the .05
Level of Statistical Significance, American Psychologist,
Vol. 37, No.5, pp.553-558 (1982).

[5] Fagerland, W.M. and Sandvik, L.: The Wilcoxon-Mann-
Whitney test under scrutiny, Statistics in Medicine,
Vol.28, Issue 10, pp.1487-1497 (2009).

[6] Fisher, R.A.: Statistical Methods for Research Workers
5th Edition, p.45, Oliver and Boyd (1934).

[7] Kearney, M., Osmani, A., Basques, K. and Miller,
J.: Measure Performance with the RAIL Model,Web
Fundamentals,Google Developers (Online), A F 5t
(https://developers.google.com/web /fundamentals/perf
ormance/rail) (2020.04.06).

[8] Lops, P., Gemmis, D.M. and Semeraro, G.: Content-
based Recommender Systems: State of the Art and
Trends, Recommender Systems Handbook, pp.73-105,
Springer (2011).

[9] Moe, W.W.: Buying, searching, or browsing: Differenti-
ating between online shoppers using in-store navigational
clickstream, Journal of Consumer Psychology, Vol.13, Is-
sues 1-2, pp.113-123 (2003).

[10] Rabiner, L.R.: A tutorial on hidden Markov models and
selected applications in speech recognition, Proc. IEEE,
Vol.77, No.2, pp.257-286 (1989).

[11] Rasch, D., Kubinger, K.D. and Moder, K.: The two-
sample t test: Pre-testing its assumptions does not pay
off, Statistical Papers, Vol.52, No.1, pp.219-231 (2011).

[12] GMO /YRR 24k minne, minne (A7 1Y) | A
F5E (https://minne.com/) (2020.04.06).

[13] REFFPENED PEMN RBURE R Fik 30 £%
BAEIZ BT 2T — X EEE R A2 1T R 5 BH R (B
THEIENZHET 2 HERAE) , REFEEES (A0 74
V), AFH (https:/ /www.meti.go.jp/press/2019/05/20
190516002/20190516002-1.pdf) (2020.04.06).

(14] ==1&A7, IRARSES, SR, BEMERER: 7 2 & 28
JEF RN D ARMES — NOFHEN A — N AT =) VT
TR Z AW 5E R &, Vol.2017-I0T-038, No.13, pp.1-8
(2017).

[15] FrEHE, AR BARNW VI TETVICE S AV
FAV - FTIAVF Y RVEFITEHOETY VI, F



BHRLEF SRR E
IPSJ SIG Technical Report

(18]

(19]

R =y avyX - U —F BEOR Vol.63, No.10,
pp.635-646 (2018).

ZWMEN: IV - FA v h=—0D U BRE & AESHIRFIZ
B 2REFMOWMETE, EEFMSE, Vol.30, No.1, pp.173-
185 (2014).

W By K0 B FEEH oM & EEK F 11 H
GHMNFHERBY AT LY v KRY Y L (SAC-
SIS 2013) ,SACSIS 2013 (4 ¥ 7 1 V), AF %
(http://sacsis.hpce.jp/2013/files /sacsis2013_ml_okanoha
ra.pdf) (2020.04.06).

T4 ITY s R AT EHRIEROENE B R L 728
BREETIN, =TT 147 %41 TV A Vol.25, No.1,
pp.15-35 (2017).

LT HEEZEOLIREBOZLEFZ R L =BT TV
WZEBBEEBNOW, =TT v AL TR, Vol.23,
No.1, pp.61-78 (2015).

Zheng, A. and Casari, A.: Feature Engineering for Ma-
chine Learning, O’Reilly Media (2018). #kX&th+k 2oV
IHGR: BMFEOOOMEEL Y V=T ) v ——
Z DJFHL L Python 1 & 2 EEE, O'Reilly Japan (2019).

© 2020 Information Processing Society of Japan



