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This study focuses on building a predictive model for customer journey
touchpoints and purchasing decisions on e-commerce websites, aiming
to enhance personalized marketing strategies. The dataset includes
online shopping journey data and customer demographic information
in the tourism sector collected between May 2015 and October 2016. The
research employs K-Means clustering to segment customers and identify
target groups. Then, Collaborative Filtering with Low Rank Matrix
Factorization is applied, followed by training a Neural Network to predict
the frequency of customer touchpoints. Using the predicted frequency
data, machine learning models such as Logistic Regression, Decision Tree,
Random Forest, KNN, and XGBoost are implemented to predict purchase
behavior. The results show that the Random Forest model outperforms
others with the highest accuracy (96%), strong Fl-score, and ROC-
AUC metrics. The study contributes theoretically by integrating process
mining and recommendation systems for journey prediction and offers a
practical model applicable to businesses seeking data-driven insights into
customer behavior. Future research is encouraged to expand prediction to
all customer segments and incorporate additional contextual factors such
as access devices and interaction duration to improve personalization.
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Nghién ctiu nay tap trung xay dung moé hinh dy doan diém cham trong
hanh trinh mua sdm va dy doan quyét dinh mua hang ctia khach hang
trén website, gop phan cai thién chién lugc marketing va ca nhan hda trai
nghiém nguoi dung. Bo dii liéu sti dung la hanh trinh mua sam truc tuyén
cta khach hang trong nganh du lich, chuia thong tin vé cac diém cham
lan dédc trung nhan khdu hoc, thu thap ti thang 5/2015 dén 10/2016.
Quy trinh phén tich khéi dau bang viéc d4p dung thuét todn K-Means
nham phan cum va xdc dinh cac phan khuac khach hang muc tiéu. Trén
0o sG nay, nghién ctiu lan lugt trién khai loc cong tac két hgp phan ra ma
tran hang thdp (Low Rank Matrix Factorization) va hudn luyén Neural
networks d€ du doan tan suét xudt hién ctia tiing di€ém cham trong tuong
lai. Tu tap di liéu dy doan do, cac moé hinh hoc mdy bao gom Logistic
Regression, Decision Tree, Random Forest, KNN va XGBoost dugc huin
luyén d€ du doan quyét dinh mua hang. Két qua thuc nghiém cho thédy
rang, m6 hinh Random Forest la phuong an vugt trdi, dat do chinh xac
96% cling cac chi s6 F1-score va ROC-AUC cao nhét. V& mét hoc thuit,
nghién ctiu dong gép vao linh vuc khai phd hanh trinh khach hang bing
cach tich hgp hé thong dé xuit va khai thac quyét dinh, dong thoi dua
ra mo hinh du doan thuc tién c6 kha nidng ap dung cho nhiéu loai hinh
doanh nghiép. Dinh huéng nghién ctiu tuong lai dé xudt mé rong phén
tich cho toan bo phan khuc khach hang, dong thai bé sung cac thudc tinh
tuong tac nhu thiét bi truy cdp va thdi gian truy cip nham gia ting mtic
d6 ca nhan hoéa va do chinh xac ctia hé thong khuyén nghi.

1. Gi6i thiéu

Ngay nay, cac cong ty thu thap tat ca cac
loai dii liéu tii san phdm hodc dich vu va khach
hang ctia ho, nham st dung d€ phén tich hanh

*Tdc gid lién hé:

Email: phungthk@ueh.edu.vn

trinh mua sdm ctia khach hang (Habets, 2020).
Viéc nghién ctiu va phén tich hanh trinh mua
sam cua khach hang sé mang lai cho doanh
nghiép va khach hang véi nhiing dinh hudéng
c6 thé t6i uu hoa cac san phidm, dich vu cung
cap (Skulimowski & Kacprzyk, 1997). Hanh
trinh khach hang thé hién cac buéc khach hang
tuong tac véi cong ty truc tiép hay gidn tiép qua
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cac nén tang. Moi budc dugc goi la diém cham,
dugc xdc dinh la sy tuong tac cua khach hang
v6i san phdm hodc dich vu ctia cong ty (Bernard
& Andritsos, 2017). Nhiing hanh trinh cta
khach hang dugc anh xa vao ban d6 hanh trinh
khach hang (Customer Journey Maps - CJM)
dé thuc hién phan tich (Habets, 2020).

Phéan tich hanh trinh khach hang la mot
trong nhiing cht d¢ dang chu y trong bo phan
truyén thong Marketing va thuong mai dién
tt, gitp hi€u hanh vi khach hang, hé trg dua
ra quyét dinh trong cac chién lugc, chién dich
(Hernandez va cong su, 2017). Nhiéu cong ty
dya vao cac nén tang dich vu uy tin dé quan
ly hanh trinh khéch hang ctia minh, chang han
nhu Adobe Experience (Adobe Experience
Cloud) va Google Analytics (Google Marketing
Platform). Tuy nhién, cdc nén tang cua bén
tht ba nay c6 thé khong phu hgp véi doanh
nghiép vi nhiéu ly do, bao gom chi phi st dung
cao, khong thé thich ting ciia mo6 hinh theo di
liéu kinh doanh tuy doanh nghiép vi theo nén
tang chung va phan tich don gian héa qua mtic
(Dam va cong sy, 2021). D€ ho tr¢g phan tich
hanh trinh cta khach hang, cac ky thuat khai
phé quy trinh, bao gobm kham pha quy trinh,
phan cum theo doi va khai pha quyét dinh
da dugc st dung (Terragni & Hassani, 2018).
Nhiing ky thuat dé dugc tich hgp vao hé thong
dé ho trg doanh nghiép phan tich téng thé
hanh vi ctia khach hang thong qua kham pha
cac nhom hanh trinh phé bién nhit va diéu
tra cac dac diém cta khach hang anh hudng
dén cac lua chon tuong tac trong hanh trinh
(Dam va cdng su, 2021). Mot hé thong dé xuat
(recommendation system) la mot loai hé thong
loc thong tin dy doan ‘danh gia” hodc ‘s& thich’
ma mot khach hang sé dua ra cho mot muc co6
thé 1a san phdm, website, diém cham (Pacuk va
cong sy, 2016).

Kha nang du doan chinh xac va cht dong
diém tiép xuc tiép theo ctia tiing khach hang
dong vai tro quan trong trong viéc diéu chinh
hanh trinh khach hang ca nhén, tii d6 nang
cao trai nghiém khach hang va cudi cling la
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thuc ddy doanh thu (Singh & Singh, 2010). Tuy
nhién, viéc thiéu cac phuong phap chinh thtic
va cong cu phan tich toan dién d€ du doan va
diéu huéng hanh trinh khach hang mot cach ty
dong va c6 muc tiéu van la mot rao can 16n doi
v6i viéce trién khai cac giai phap nay trong thuc
té€ (de Leoni va cong sy, 2015).

Muc tiéu ctia nghién ctu la phan tich, kham
pha hanh trinh mua sdm cta khach hang trén
website dua trén di liéu cidc diém cham va
thong tin nhan khdu hoc. Phan cum khach
hang va chon phan khuc khach hang muc tiéu,
ting dung hé thong dé xuit dé du doan tin suit
diém cham trong mdéi hanh trinh mua sim
khach hang muc tiéu va du doan quyét dinh
mua ctia phan khuc khach hang tiém nang nay.

2. Co s6 ly thuyét
2.1. Hanh trinh mua sdm ciia khdch hang

Ban d6 hanh trinh khach hang (Customer
Journey Map - CJM) la mot biéu dién tuyén
tinh, dya trén thoi gian céc giai doan chinh ma
mot khach hang trai qua khi tuong tac véi mot
cong ty hodc dich vu (Mangiaracina va cong su,
2009). Trong phan tich hanh trinh khach hang,
cac cong ty tap trung vao cach khach hang
tuong tac v6i nhiéu diém cham, ti giai doan
can nhéc, tim kiém, mua hang, sau mua hang,
st dung va tuong tac hoac mua lai trong tuong
lai. Muc tiéu chinh ctia viéc theo doéi trai nghiém
khéch hang 1a d€ tim ra cach cai thién cac trai
nghiém (Lemon & Verhoef, 2016). M6 ta hanh
trinh va hiéu cac lya chon cta khach hang doi
v6i cac diém cham trong nhiéu giai doan mua
hang khac nhau dan dén c6 nhiéu bién thé ctia
CJM (Halvorsrud va cdng sy, 2016).

Theo Bernard va Andritsos (2018), cac thanh
phan chinh thudng cé ctia mot CJM bao gom:

Khdch hang - ngudi lién quan dugc hudng
lgi ttt mot dich vy, san phdm ctia doanh nghiép.

Hanh trinh — mdét CJM chtia it nhat mot
hanh trinh, 1a con duong dién hinh ma mét
khach hang tuong tac véi doanh nghiép.
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Muc tiéu - doanh nghiép xac dinh khi lap
ban d6 hanh trinh khdch hang, vi du nhu tim
diém quyét dinh mua hang, giam ty 1é khach
hang roi bo.

Diém cham — diém tiép xuc tai mot thoi diém
ma khach hang tuong tac véi cong ty thong qua
mdt san phdm hoéc dich vy, vi du khi mét khach
hang truy cip website tim ki€ém mdt chuyén bay
hodc lién hé véi dich vu khach hang.

Dong thdi gian - mo ta thoilugng va cac moc
thoi gian ctia hanh trinh trong mot khoang thoi
gian tu diém cham d4u tién cho dén diém cham
cudi cung.

Kénh - 1a phuong thiic ma khach hang chon
dé tuong tac v6i diém cham.

Cac ban do6 hanh trinh khach hang (CJM) c6
dac diém la cdu trac phi tuyén tinh, phan dnh cac
dong luc nhan thtic, cam xdc va hanh vi (Wolny
& Charoensuksai, 2014). D€ kham phd dung nhu
cau va hanh vi ctia cac phan khuc khach hang,
ddc biét 1a cac phan khuc khach hang muc tiéu,
nghién ctiu st dung phin cum khach hang dé
quan sat. K-means Clustering dugc dé xuit la
mot trong nhiing thuat toan phd bién va dién
hinh trong phan cum (Macqueen, 1967).

2.2. Hé thong dé xudt

Thong thuong, khai pha quy trinh dugc
xem la mot ting dung doc 1ap dé€ kham pha
va danh gid cac quy trinh, nhung né ciing
c6 thé dugc st dung dé ho trg cac dé xuit
(Schonenberg va cong sy, 2008). Ap dung khai
pha quy trinh ngay lap ttc, ttc 1a bang cach
nhin vao mot hanh trinh (tdp hop cac thuc thi
da hoan thanh ddy du cac diém cham) va mot
phan hanh trinh (m6t hodc mot vai diém cham
dang ti€p tuc dugc thuc thi), va du doan tuong
lai ctua hanh trinh (cac diém cham tuong lai)
(Rozinat & van Der Aalst, 2008). Cudi clung,
hé thong dé xuat gti lai cho khach hang mot
danh sach cic budc tiép theo dugc dé xuit dé
hoé trg quyét dinh ctia khach hang, t6i uu hoa
thoi gian tuong tac hiéu qua hodc giam thiéu
ty 1é roi bo (xem Phu luc 1 online).
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H¢ thong deé xuat st dung phan hoi tit khach
hang lam dau vao d€ cung cép cac goiy cd nhan
héa, c6 thé lién quan dén cac quyét dinh trong
nhiéu quy trinh (Ricci va cong su, 2010). Cac
thuat toan ggi y nay dugc thiét ké tty thudc vao
linh vuc va cac dic diém déc trung cta di liéu
c6 san, thuong ghi lai chat lugng ctia cac tuong
tac tai diém cham ctia khach hang (Melville &
Sindhwani, 2010). Cac tuong tac nay thudng
dugc goi 1a phan hdi va c6 thé phan biét thanh
phén hoi ro rang va tiém an (Aggarwal, 2016).

Phan hoi ré rang (explicit rating): thudng
dugc thuc hién thong qua cac danh gia, nhu
hé théng danh gid nam sao. Phan hoi tiém 4n
(implicit feedback): dé dang thu thap hon vi viéc
thu thap hoan toan khong doi hoi khach hang
hanh dong thém. S& thich ctia khach hang dugc
suy ra tu cac hoat dong cua ho thay vi cac danh
gia dugc chi dinh mét cach ro6 rang. Tuy nhién,
trong cac danh gia tiém 4n, khong c6 thong tin
nao cho biét néu khach hang khong thich mot
diém cham, viéc khong mua hodc khéng xem
qua mdt diém cham khong phai luc nao cling
chi thé hién su khong thich (Aggarwal, 2016).

2.3. Dy dodn diém cham

Du doan dong thoi diém cham va ngit canh
la mdt bai toan phan loai da nhan (va da 16p),
mang lai nhiing thach thtic phtic tap riéng
(Habets, 2020). Chudi cac diém cham ctia mot
khach hang duy nhat tao thanh mot hanh trinh
khach hang, dugc ghi nhan riéng biét. Mdc du
tuong tac tai cac diém cham trudc c6 thé khong
dugc cung cip truc ti€p, nhung nhd vao viéc
cac hanh trinh dugc lién két qua ma nhan dang
duy nhat va méi budc déu dugc ghi lai, c6 thé
suy ra cac diém cham trong hanh trinh cua
khach hang.

Phuong phap loc cong tic (collaborative
filtering) dua trén moét phép phan ra ma trdn
(matrix factorization) (Hu va cong su, 2008).

R1a ma tran ddnh gid khach hang ctia hanh
trinh cua khach hang, dugc xdc dinh trong
cong thuc:
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R =|C| x |P| (2)  Dgay ca khikhong co bang chiing ro rz‘i‘n’g Ve viéc
khach hang thich hodc khong thich di€ém cham
nao, van ¢ thé st dung nhiing yéu t6 nay dé€ suy
luan. Phu luc 2 trinh bay vi du ma tran danh gia
khach hang, danh gid truc tiép (trai) va danh gia
ngam dinh (phai) (xem Phu luc 2 online).

trong do, C la tap hop cac id truong hgp va P
la tap hop cac diém cham website dang dugc
phan tich.

Ma trin nay chita céc tuong tac r,, da xdy

ra gitia id trudng hop c va tap hgp céc trang Nhat ky céc sy kién trong hanh trinh khach
p. Nhu vdy, hanh trinh ctia khach hang c6 thé  hang tai Bang 1. Mi hanh trinh dugc ghi nhan
dugc coi la mot phdn héi ngu y cho cdc trang  v6i mot ID riéng biét, cac méc thoi gian diém
da dugc truy cap trong su6t hanh trinh. Cu thé,  cham xdy ra sé c6 ghi nhan timestamp. Trong
mot phén ti r_ ctia ma trdn R c6 thé dai dién  d¢, diém cham & vi du nay dugc ghi nhan la
cho mot tuong tac gitia khach hangcvatrangp  duong dan URL tai trang website v6i hanh
theo cac cach sau: dong cu thé cua khach hang tai diém cham ghi

Boolean: r_ = (True or False) néu khach nhén thu thip tai cft Action.

hang c da truy cap trang p hodc khong. Phu luc 3 (xem Phu luc 3 online) 1a mot vi
du vé ma tran danh gia khach hang, Tl ma tran
nay, c6 thé thay rang, dya trén hanh vi cia hanh
trinh 1 va 2, cu thé tin sudt Trang Bai viét 456,
Thoi lugng truy cdp: Tep bing téng thoilugng  c4c Trang san pham ABC va DEF c6 thé dugc
khach hang da truy cap trang p. Diéunay c6 thé  dé xudt cho hanh trinh 3, ngudi viia truy cip
tinh dé dang bang cach trii timestamp t.,, ctia  Trang Bai viét 456. D4y la mot vi du tot vé viéc
trang ti€p theo dugc truy cap va timestamp ti. cung cdp cac dé xudt ca nhan dya trén hanh vi
o ~qua khu cua khach hang. Tuy nhién, ma trdn
~ Cdc dinh nghia nay dya trén gid dinh logic  q4nh gija khach hang thudng rit 16n va do dé
ring mot khach hang thich mot trang sé danh ¢4 c4c thuit toan phiic tap hon dé xt ly. Hanh
nhi€u thoi gian hon trén trang d6 hodc truy cdp  trinh ctia khach hang c6 thé dugc coi 1a mot
né thuong xuyén hon (Aggarwal, 2016). Do do, phan héi ngdm.

Tan sudt truy cap: r. , bang s6lan khdch hang
c da truy cap trang p trong hanh trinh hién tai.

Bang 1. Ma tran danh gia khach hang xay dung trén s6 liéu bang 1
Article Page 123  Article Page 456  Product Page ABC Product Page DEF

Caseid 1 1 1 1 0
Case id 2 0 1 0 1
Case id 3 0 1 0 0

Nguédn: Aggarwal (2016)

St dung mo hinh Neural networks déxtilyda  2.4. Mé hinh du dodn
16p phiic tap v6i ma tran ma héa méi hanh trinh
mua sam ctia khach hang va tin suit diém cham,
mo hinh bao gom mot 16p nut dau vao va mot
hodc nhiéu 16p 4n va 16p dau ra, cac nut dugc noi
v6i nat khac véi trong s6 va ngudng lién quan,
la mdt cong cu d€ xac dinh cac hé thong khong
tuyén tinh va c6 thé tu thich @ing bang viéc tha A I e o
dé}; cac hé s0 trong moi trudng, t?nh to%in tot trér{ cbuyen inI t},lanh van c,ie p ha? loai dé p durAlg
dii liéu hon do cdu tric phén tén song song khi 3¢ }hugt toan hoc mdy, chang han nhu ay
hoc hun luyén (Sharkawy, 2020). quyét dinh. Phu luc 4 (xem Phu luc 4 online)

Khai thac quyét dinh (decision mining) la
qua trinh lam giau mo hinh bang cach ap dung
khai thac di liéu trong qua trinh khai thac quy
trinh (Rozinat & van der Aalst, 2008). Bang
cach phat hién diém quyét dinh trong mo hinh
quy trinh, viéc khai thac quyét dinh c6 thé dugc
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minh hoa mot vi du vé khai thac quyét dinh
trong phan tich hanh trinh cua khach hang.

M0 hinh hoi quy logistic dugc dé xuat 1a mot
trong nhiing phuong phap hoéi quy du doan ti
1é¢ xac sudt cia mot bién phan loai nhi phan
[0,1], & nghién ctfu nay la mua va khong mua,
dua trén bién Ia tan sudt cua cic diém cham
trén hanh trinh mua sam ctia khach hang trén
website (Cox, 1958).

Mo hinh cay quyét dinh (Decision Tree) st
dung thuat toan stii dung phuong phap chia dé
tri (divide-and-conquer) xdc dinh thudc tinh c6
tuong quan va quan trong nhat, phan chia cac
tap di liéu con dén khi khong chia dugc niia
hoac két qua dat dugc do chinh xac ky vong
(Breiman va cong su, 1984).

M6 hinh rting ngau nhién (Random Forest)
sti dung thuat toan hoc cé giam sat (supervised
learning) nhién dugc dé xuat dua vao ky thuat
tap hgp mo hinh (ensemble learning) v6i nhiéu
cay quyét dinh dugc khai tao ti cac tap dii liéu
con dugc chon ngau nhién cta tap di liéu huin
luyén, xay dung mdt bo suu tap 16n cac cay
khong tuong quan (decorrelated), sau do tinh
trung binh ctia chiing (Breiman, 2002).

Mo hinh KNN la mét trong nhiing thuat toan
supervised-learning don gian nhat, con dugc goi
la thuat toan hoc dya trén trudng hgp hodc dya
trén ghi nhé dii liéu (Instance-based or Memory-
based learning) (Fix & Hodges, 1951).

Mo hinh tang cudng d6 doc cuc dai (extreme
gradient boosting - XG Boost) 1a thuat toan tap
hop mo hinh (ensemble learning) két hgp mo
hinh cdy quyét dinh d€ t6i uu mo hinh du doan
bang mot ciy quyét dinh téng hgp qua cac vong
ldp (Chen & Guestrin, 2016).

3. Phuong phap nghién ctiu
Chon dit liéu va tién xii ly dii liéu

Thu thap va lya chon cac cot thong tin xt ly,
thong ké va truc quan hoa bing cc thu vién:
Pandas, Matplotlib, Seaborn dé hiéu di liéu.
Tim va thay thé cac di liéu thiéu bang gia tri
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trung binh qua Simple Imputer. Xu ly di li¢u
mdt cin bang trong di liéu huén luyén dé mo
hinh c6 két qua chinh xac khong bi léch bang
Synthetic Minority Over-sampling (SMOTE),
tao mau nham gia ting kich thudéc mau cua
nhom thiéu s6 trong trudng hgp xay ra mat can
bang mau.

Phdn cum va xdc dinh phan khiic khdch hang

St dung thuét toan K Means d€ phian cum
khach hang thanh cdc phan khuc cé ddc trung
chung dya theo cic théng tin nhin khiu hoc.
Thong ké mo ta d€ truc quan phan bd cta cac
khach hang mai phan khuc & cac thong tin nhan
khéu hoc. Tu do, danh gia cac dac trung cta
cac phan khuc khach hang nhdm lya chon phan
khuc khach hang tiém nang, la khach hang muc
tiéu d€ huén luyén mo6 hinh.

Dy dodn diém cham

Kiém tra tan sudt truy cdp diém cham cua
moi lan truy cdp mua sim v6i ma tran utility
matrix. Tién hanh ap dung mo hinh loc cong
tac (collaborative filtering) dugc st dung dé
tao ra cac goi y diém cham dua trén phan hoi
tiém 4n tu tdn sudt di€ém cham cta khach hang
tai moi hanh trinh mua sam. Két hgp st dung
phuong phap phan ra ma trdn (low rank matrix
factorization) d€ tao ra cac nhung (embeddings)
cho cic hanh trinh mua sdm va diém cham, biéu
dién dudi dang cac vector c6 s6 chiéu thip. Sau
do, thong qua mo hinh mang luéi noron (Neural
Network) sti dung Keras, mo6 hinh hoc cach du
doan xem mdi hanh trinh mua sdm cta khéch
hang, cu thé sé ¢4 diém cham cu thé nao dya trén
su tuong tu gitia nhing cta hanh trinh tai moi
lan mua hang va cac nhung cta diém cham.

Hudn luyén mé hinh dv dodn quyét dinh
mua hang

Tién hanh ma héa nhan cho cac gia tri hang
muc trong dii liéu nhin khau hoc cua khach
hang, gan nhan s6 (integer) cho cac cot di liéu
dinh dang chi (string) va danh sach (list) dé
hudn luyén cdc mo6 hinh. Chuédn héa di liéu
bang MinMaxScaler va Standardization. Chia
tap di liéu huidn luyén va kiém tra. Cac md
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hinh hoc mdy dugc hudn luyén trong nghién  hoc mady, nghién ctiu st dung ma trdn nham
ctu dugc tac gia thuc hién lap trinh bang ngdn  1an (confusion matrix), két hgp cac chi so
ngi Python d€ phéan tich di liéu: Logistic  precision, recall, dudng cong AUC-ROC va
Regression, Decision Tree, Random Forest, ~F1-Score (Tharwat, 2020). Ma tran nham lan
KNN, XGBoost. (confusion matrix) bi€u dién s6 lugng cac du
doan va s6 lugng quan sat thuc té€ & moi quyét
dinh (mua hodc khong mua). Tt d6, xac dinh

Sau khi c6 két qua hudn luyén mo hinh, ~ducc phuongan vuot troi, phit hop vé6i dit licu
nhim dénh gid do chinh x4c ctia cdc mo hinh V3 ngd canh hién tai cia nghién ciu.

Do luong két qua

Bang 2. Ma tran nham lan véi tdp di liéu c6 2 16p dugc gan nhan

Thuc té/Du doan Lép duong (Positive) Lép am (Negative)
Lép duong (Positive) True Positive (TP) False Negative (FN)
Lép am (Negative) False Positive (FP) True Negative (TN)

Nguoén: Tharwat (2020)

Precision (Ty 1é 16p duong doan dung): (threshold). Buong cong AUC-ROC (Area
Trong tat ca cic du dodn 16p duong (Positive)  Under the ROC): La viing nam duéi ROC, vung
dugc dua ra, bao nhiéu du doan la chinh xéc. nay cang 16n thi mo hinh lya chon cang t6t theo

(Fawcett, 2006).

TP
Precision= ——— (2.2) !
TP + FP 4. Két qua nghién ctu

Recall (Ty 1¢ 16p duong thuc): Trong tat c@  4.1. Két quad thu thdp va tién xi ly dit liéu
cac trudng hgp Positive, bao nhiéu truong hop

da duoc du doan chinh x4. Dﬁ liéu hé'nh tf‘mh mua sam truc tu)'/Aén tr?n
website du lich ting dung trong nghién ctu

TP cing da dugc dung trong dé tai nghién ctiu

Recall = PN (2.3)  Exploring Customer Journey Mining and RPA:

Prediction of Customers’ Next Touchpoint
Accuracy (D¢ chinh xdc): ti 1é du doan quyét (Wietholter va cong sy, 2023). D liéu sau xu

dinh (mua/khong mua) 1a chinh xéc. ly, dugc mau dii liéu nghién ctiu vi du & Phu luc
6 (xem Phu luc 6 online) gobm 134.037 dong bao

TN + TP gom thong tin nhan khadu hoc ctia khach hang

Accuracy = (24)  gs dugc cac diém cham trén hanh trinh mua

TN + TP + FP + FN . ;
sam ctia khach hang trén website tii 5/2015 dén

F1 1a s6 dung hoa Recall va Precision gitip ta  thang 10/2016.
c6 can cui délya chon mo hinh t6t nhét. F1 cang

cao mé hinh cang tét. 4.2. Két quad phdn cum va xdc dinh phdn khiic

khdch hang muc tiéu

Fl = 2 x Precision X Recall (2.5) Phan cum khach hang vao cac phan khuc

Precision + Recall khach hang c6 dic trung tuong tu dua trén cac
thuét toan phan cum KMeans va KModes, theo
cac truong di liéu nhan khdu hoc: ‘Gender’,
‘Age Range’, ‘Region’, ‘Size of Household’,
‘Occupation’, ‘Gross income per year in €,

buong cong ROC (Receiver operating
characteristic): Thé hién su tuong quan gitia
Precision va Recall khi thay ddi gia tri ngudng
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‘Number of Children’, ‘Social class’, ‘Education
(completed)’, ‘Lifestage’, dugc két qua s6 phan

S8 93 (Tap 16, Ky 6) — Thang 12 Nam 2025

khuc khach hang va s6 lugng khach hang & moi
phan khuc trinh bay & bang 3.

Bang 3. Két qua phan cum khach hang

Cum 0

1 2 3 4

S6 lugng dong dii liéu (khach hang) 22338

23610 42930 25005 20154

Tién hanh truc quan dd liéu ctia cac cum
khéch hang theo truong dit dé€ danh gia su phan
bé ctia cac dac trung nhan khéu hoc (vung, do
tudi, gidi tinh, s6 thanh vién trong gia dinh,
trinh do hoc vén da tot nghiép, nghé nghiép,
thu nhap, trang thai, s6 con va tang 16p xa hoi)
cua khach hang & ttiing cum khach hang va lya
chon cum khach hang phu hgp, la tap khach
hang ddc trung, cé s6 lugng l6n va la khach
hang tiém nang cua doanh nghiép (xem Phu
luc 7 va 8 online). V6i s6 lugng 16n d€ c6 thé
hudn luyén mo hinh, phan khuc 2 ¢6 nhiing dac
trung chung vé giéi tinh, viing ctia toan b di
liéu, va c6 cac dic tinh phu hgp vé6i san phdm
du lich ma doanh nghiép huéng dén cho phan
khuc khach hang muc tiéu. Trong do, do tudi

tap trung 35-54 tudi, tinh trang c6 gia dinh va
6 s0 thanh vién trong gia dinh phu hgp, trinh
do, thu nhap va nghé nghiép ciing phu hop véi
gid va san phdm du lich ctia doanh nghiép.

4.3. Két qua dy dodn diém cham trén hanh
trinh mua sdm

Téan sudt diém cham ctia moi lan truy cép
mua sam v6i ma tran utility matrix trinh bay
tai bang 4. Vé6i cot ddu tién la thong tin hanh
trinh khach hang theo tling ID. Hang trén cing
1a thong tin cac diém cham ti 1-16. Tuong tGing
tdn sudt ctia modi diém cham trong moéi hanh
trinh dugc thong ké cu thé dé€ st dung huan
luyén mo hinh.

Bang 4. T4n sudt diém cham & mdi hanh trinh (utility matrix)

Touch 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16
Purchase ID

12 20 0 0 0 0 0 1,0 O 0 0 0 0 0 0 3,0
13 1,0 O 0 0 0 0 0 0 0 0 0 0 0 0 0
14 50 0 20 1,0 0 0 50 0 3,0 0 0 0 0 0 3,0
15 0 0 1,0 0 0 1,0 O 0 0 0 0 0 0 0
17 1,0 O 0 0 0 0 0 0 0 0 0 0 0 0
28981 0 0 0 1,0 0 0 0 0 0 0 0 0 0 0 0
28982 30 0 0 30 0 0 0 0 0 0 0 0 0 0 0
28994 1,0 O 0 1,0 0 0 0 0 0 0 0 0 0 0 0
29005 1,0 O 0 0 0 0 0 0 0 0 0 0 0 0 0
29006 1,0 O 0 0 0 0 1,0 O 0 0 0 0 0 0 1,0

6248 rows X 15 columns

Sau khi thi va tim kiém céac chi so t6i uu,
mo hinh bao gom 3 tdng chinh (i) ting dau tién
¢6 20 neuron v6i ham kich hoat rectified linear
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unit - ReLU va st dung regularization L1 véi
hé s6 0,0001; (7i) ting bo qua mot vai don vi
(dropout) véi ty 1€ dropout 1a 0,4 d€ ngan chan
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két qua huan luyén bi qua khép; (iii) tang co 1
neuron véi ReLU. Tang dropout thu hai véi ty
1é dropout la 0,5.

Hudn luyén mé hinh véi 120 epochs va batch
size 1a 1000, st dung 20% ddi liéu huén luyén dé
lam tap xac thuc.

Két qua thu dugc:

Epoch 1/120: 13,8057 — val_loss: 14,1167;
Epoch 120/120: 5,9277 - val_loss: 5,7892;
Loss: 5,5989;

Test loss: 5,789198398590088.

Tu epoch dau tién dén epoch cuodi cung, do
mat mat (loss) trén tap huén luyén da giam tu
13,8057 xudng 5,9277, con do mat mat trén tap
xac thuc (validation loss) cling giam tu 14,1167
xuong 5,7892, bi€u dién bi€u d6 mat mat cia mo
hinh (xem Phu luc 9 online). Diéu nay cho thay
mo hinh da hoc dugc méi quan hé phic tap gitia
dii liéu dau vao va dau ra trén tap huén luyén.

Do mat mat cua tap xac thuc thidp hon so
v6i do mat mat trén tap hudn luyén, cho thay
mo hinh da dugc huén luyén, va c6 kha ning
du doan t6t trén di liéu méi (xem Phu luc 9
online). Truc hoanh (epoch) la s6 vong lap huan
luyén toan bd di liéu. Mdi epoch tuong tng
v6i mot lan Neural networks di hét tap hudn
luyén, cip nhat trong s6 nhd thuat toan t6i uu.
Truc tung (loss) 1a gia tri ham mat mat do sai
s0 gitia du doan ctia mod hinh va két qua that.
Loss cang thap cang chiing td mo hinh khép di
liéu cang t6t. Puong xanh 14 thé hién loss trén
tap hudn luyén, duong xanh duong la loss trén
tap kiém tht. Tién trinh hoc d4n theo thoi gian,
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cang vé bén phai, mang cang trai qua nhiéu chu
ky hudn luyén, cho ra két qua loss tot hon, ca
hai tdp huén luyén va kiém tht giam tit khoang
14 dén khoang 5,7 cho thdy mo hinh hoc dugc
thong tin du khong qué ré rang nhung c6 kha
ndng bi qua khép (overfitting) khi huan luyén
thém epoch hoac ting s6 lugng 16n phic tap
mo hinh. Kiém tra du doan hanh trinh mua
sam va diém cham ngau nhién:

Chon ngau nhién ta c6 PurchaselD: 5615, va
lya chon touch: 1 d€ tién hanh du doan.

Du dodn tan suét ti mo6 hinh dugc huin
luyén, touch 1 cho PurchaselD 5615 c6 tan suét
la 2,480213165283203.

Sau d6 kiém tra tan sudt thuc té€ cta touch 1
cho PurchaselD 5615 la 2,00.

Két qua hiéu chuin cho thiy gia tri du doan
ctia mo hinh (2,48) x4p xi gia tri quan sat thuc té
(2,00), ham y sai léch tuyét doi chi 0,48 don vi.
Khoang chénh 1éch nhé nay ching thuc nang
luc khai quat hoa ctia mo hinh va cling ¢6 tinh
kha thi khi trién khai thuc té nhdam uéc lugng
tan sudt cia cdc di€ém cham trong hanh trinh
mua sdm truc tuyén.

4.4. Két qua hudn luyén va ddnh gid mé hinh
dy dodn quyét dinh

Hudn luyén cac mo hinh da liét ké dy doan
quyét dinh mua hang dua theo diém cham, va
tan suat diém cham tai mo6i hanh trinh mua
sam ctia khach hang phan khuc 2, nghién ctu
dugc két qua theo bang 5. Cac chi s6 danh gia
Precision, Recall, F1-score cho hai quyét dinh
khong mua hang va mua hang, sau d6 danh gia
chi s6 Accuracy va ROC-AUC.

Bang 5. Két qua hudn luyén mo hinh dy doan quyét dinh mua hang

Du doan mua hang Accuracy ROC-AUC

Precision Recall Fl-score Precision Recall F1l-score

Mé hinh Du doan khong mua hang
0 hin

Logistic Regression ~ 82% 69%  75%
Decision Tree 97% 97%  97%
Random Forest 97% 97%  97%
Kneighbors Classifier 96% 99%  97%
XG Boost 94% 93% 93%

43% 60%  50% 66% 64%
92% 93%  92% 96% 94,9%
92% 93%  92% 96% 95%
96% 89% 93% 96% 94%
82% 86%  84% 91% 89%
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Dua vao két qua & bang 9, mo hinh Decision
Tree va Random Forest cho két qua tot nhat
s0 vGi cac mod hinh con lai. Random Forest co
ROC-AUC score tot hon mot chat va du doan
dung nhiéu trudng hgp hon so véi Decision
Tree. Nghién ctiu chon mo6 hinh Random Forest
va biéu dién ma trdn nhdm lan (confusion
matrix) & biéu d6 2 dé so sanh két qua thuc té
va du doan (xem Phu luc 10 online). SO lugng du
doan khong mua sai véi thyc t€ 1a 164 truong
hop (so v6i 5982 trudng hop du doan ding), doi
véi du dodn mua, mo hinh du doan sai véi thuc
té€ 202 trudng hop (so véi 2238 trudng hop du
doan dung).

Mo hinh du doan quyét dinh mua hang dat
hiéu qua cao véi do chinh xdc 96% va ROC-
AUC 0.95. S6 mau dugc du doan dung & ca hai
quyét dinh (mua va khong mua) déu cao, trong
khi s6 nhidm lan thip. Precision va Recall cho
quyét dinh khong mua lan lugt la 97% va 97%,
cao hon mot chut so véi quyét dinh mua (92%
va 93%). F1-score cho ca hai nhém quyét dinh
mua va khéng mua déu cao (97% va 92%), cho
thdy mo hinh can bing t6t gitia d chinh xdc va
kha ning bao phu.

4.5. Thdo ludn két qua nghién ciiu

So v6i nghién ctiu ctia Wiethoélter va cong
su (2023), von ciling st dung dii liéu hanh trinh
khach hang va phan tich diém cham dé€ du doan
hanh vi, nghién ctiu ndy mé rong hudng tiép
can bang cach két hgp phan cum khach hang
bang K-Means va ap dung Neural networks dé
du doan tin suit diém cham trudc khi du doan
hanh vi mua hang. Piém mdi ctua nghién ctu
la m6 hinh héa song song hai giai doan - du
doan diém cham va du doan quyét dinh mua
— thay vi chi du doan diém cham tiép theo nhu
cac nghién ctiu trudc.

So sanh v6i mé hinh Cay Quyét dinh cho
thdy Random Forest, nho co ché bagging, da
triét tiéu dang ké phuong sai, qua d6 mang lai
d¢ 6n dinh cao hon trong cac thi nghiém trién
khai thuc t€ (A/B test). Do chinh xdc 96 % cua
Random Forest cao hon 1,1 % so véi két qua
cong bo ctia Wietholter va cong su (2023) trén
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cuing bo dii liéu, ti d6 khing dinh hiéu qua caa
quy trinh xt ly hai phan lan lugt, tii du doan
diém cham dén dy doan hanh vi mua hang.

Ngoai ra, phuong phap xt ly di liéu mét can
bang bang SMOTE ciing gop phén cai thién hiéu
nang mo hinh, diéu ma nhiéu nghién ctiu trude
chua chu trong. Két qua ciing phu hgp véi cac
phat hién ctia Aggarwal (2016) vé vai tro cla
phan hoi ngdm dinh trong hé thong dé xut.

Két qua nghién ctu cho thdy mo hinh
Random Forest ¢6 hiéu suit du dodn cao véi
do chinh xac dat 96% va ROC-AUC 0.95, vuot
troi hon so v6i cdc mo hinh khac nhu Decision
Tree, Logistic Regression hay KNN. Diéu nay
khang dinh hiéu quéd ctia phuong phép két hop
hé thong dé xuat (recommendation system) vé6i
hoc may trong du doan hanh vi mua hang.

Khi bodc tach ma tran nham 1an ctia mo6 hinh
Random Forest, c6 thé nhén thay hai diém n6i
bét. Pau tién, ty 1é True Positive cao, cho thay
hé théng nhan dién du dodn chinh xac khach
hang mua, giup marketing khong lang phi ngan
sach remarketing vao nhom da chuyén déi. Bén
canh do, ty l¢ False Negative thdp, mo hinh
hiém khi bo sét khach hang ti€ém nang, nho do
t6i da hoéa doanh thu tiém an.

Phan tich d¢ quan trong ctia thudc tinh,
ciing cho thdy dugc hai yéu t6 dan dén hanh
vi mua hang manh nhat. R6 rang nhat, tan suat
cua di€m cham 7 (trang thong tin vé dai ly,
cdng ty du lich do6i tht) cang nhiéu lugt xem
san phdm, xac sudt mua cang cao, tii d6 co thé
uu tién ca nhén hoéa trang dich va tap trung cai
thién t6i uu thong tin tai trang. V€ nhin khiu
hoc, thong tin viing va thu nhéap cho thay kha
ndng chi tra va vi tri dia ly cling tac dong dén
quyét dinh r6 rét, véi dii liéu nay, nén tap trung
phan b6 quang cdo va t6i uu thong tin cho phén
khuc phu hgp.

5. Kétluan va ham y quan trj

5.1. Két lugn

Nghién ctiu da xay dung thanh cong moé hinh
du doan diém cham va quyét dinh mua hang
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cta khach hang dua trén dd liéu hanh trinh
mua sdm truc tuyén trong linh vuc du lich. M6
hinh dé xu4t gom hai phan, phan 1 du dodn tan
sudt diém cham thong qua két hgp Low-Rank
Matrix Factorization va Neural networks, phan
2 du doan quyét dinh mua hang qua cac thuat
toan hoc may. Phuong phap ti€p can két hgp
gitta phan cum khach hang, hé thong dé xuat
(recommendation system) va cac thuat toan
hoc may nhu Neural Network, Random Forest,
XGBoost da gitp ting do chinh xac trong viéc
nhan dién hanh vi khach hang va hé trg doanh
nghiép dinh hudéng chién lugc marketing hi¢u
qua hon.

Trén bd dit liéu hanh trinh mua sdm truc
tuyén trong nganh du lich (05/2015 - 10/2016),
moé hinh Random Forest dat hiéu nidng vugt
troi, dong thoi chiing minh kha nang tong hop
thong tin nhan kh4u hoc va hanh vi dé uéc
lugng chinh xac xdc suat mua. Két qua nay gop
phan mé& rong vé khai pha hanh trinh khach
hang, cung cdp bang chiing thuc nghiém cho
gia tri cta viéc tich hgp hé thong dé xuat véi
phan tich quyét dinh.

Vé mat ly thuyét, nghién ctiu dong gop
bang viéc tich hgp khai phd quy trinh (process
mining) va mo hinh du doén diém cham - mét
huéng ti€p can con it dugc khai thac trong boi
canh thuong mai dién tt. V&€ mdt thuc tién, mo
hinh cho thdy tiém nédng cao trong viéc ho trg
cac doanh nghiép t6i uu hoa hanh trinh khach
hang va ca nhan hoéa trai nghiém mua sam trén
nén tang so.

5.2. Ham y quadn tri

Doanh nghiép can t6i uu ngén sach da kénh
doi véi phan khuc khach hang tiém nang phu
hop véi dinh huéng doanh nghiép va dinh vi
thuong hiéu. Tl d6 t6 chiic hé thong di liéu,
thu thap cac thong tin hanh trinh mua sdm cua
khach hang dap ting muc tiéu phan tich. Thong
qua phan tich, tién hanh két ndi véi website
dé do luong va dé xuat diéu chinh kich ban ca
nhan hoéa theo thoi gian thuc (real-time), t6i
uu hoac két hgp cac hanh dong tu vén va ting
tuong tac tai diém cham quan trong trong hanh
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trinh. Dua vao két qua phan tich va dé xuat,
doanh nghiép can nhéc thiét ké t6i vu giao dién
va hanh trinh khach hang t6t hon, c¢6 thé mé
rong hodc rut ngan hanh trinh khach hang tai
cac diém mau chét, luge b6t hodc gop cac diém
cham khoéng can thiét.

Theo 10 trinh phat trién dai han, doanh
nghiép phan tich va phin bé dau tu cho luu tri
di liéu, thoi gian truy xudt nhanh chdng ho trg
trong mo6 hinh hoc mdy va cac ky thuét xu ly
to1 uu. M6 réng ngoai nghién ctu c6 thé phan
tich thém cac thong tin ngti canh nhu thiét bi
dung, thai gian truy cap d€ c6 danh gia cu thé
cho tting hanh trinh va hanh vi.

5.3. Han ché va hudng nghién citu tuong lai

Tuy nhién, nghién cttu van con mot s6 han
ché. Dau tién 1a han ché vé thai gian va linh
vuc, di liéu hién tai dugc st dung dang gidi
han chi trong nganh du lich va 4p dung xt ly
tap trung mot phan khuac khach hang muc tiéu,
chua phan anh dugc su da dang hanh vi trén
nhiéu linh vuc khac nhau ciing nhu kiém tra
dugc do chinh xdc ctia md hinh d6i véi di liéu
da dang hon ctia nhiing phéan khic khach hang
khac nhau. Thi hai, nghién ctiu han ché thiéu
thudc tinh ngii canh, mo hinh hién tai tap trung
vao tan suat diém cham ma chua khai théc sau
cac yéu té nhu thoi lugng tuong tac, thi tu va
thoi gian thao tac, thiét bi st dung hay muc do
phan hoi cta nguoi dung. Cac nghién ctiu sau
dé xuat nghién ctu cac thudc tinh thoi gian,
thtt ty diém cham va muc d¢ tuong tac tai cac
diém cham nham xdc dinh r6 hon cac yéu t6
anh huéng truc ti€p dén quyét dinh mua hang
ctia khach hang.

binh huéng nghién ctu tuong lai dé xuat
md rong di liéu sang nhiéu nganh hang khac
nhau dé€ kiém nghiém tinh linh hoat ctia mo
hinh. M& rong nghién ctiu cac thudc tinh nhan
khau hoc nhu thiét bi va ngii canh dé€ nang cao
tinh ca nhan héa trong huan luyén mo hinh.
Ngoai ra, viéc ung dung cac ky thuat hoc sau
theo chudi thoi gian nhu Long Short-Term
Memory (LSTM) hoac Transformer ciing la
mot hudng di tiém nang nham nang cao do
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chinh xac trong du doan hanh vi khach hang
theo thoi gian thuc. Trong d6, LSTM la mot
bién thé nang cao clia mang no-ron héi quy
(Recurrent Neural Network, RNN), dugc thiét
ké d€ hoc cic phu thudc dai han trong chudi
di liéu vé6i cac co ché cho phép diéu chinh luu
git hay loai bé thong tin trong qua trinh lan
truyén. Transformer 1a mot kién tric Neural
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(self-attention), thuc hién tinh toan song song
trén toan bo chudi, nho doé giam thoi gian hudn
luyén va cai thién kha nang moé hinh héa quan
hé phu thuoc & moi khoang cach. Cac nghién
ctu tuong lai khi lya chon mé hinh phai gan
lién déc tinh chubi sy kién trong hanh trinh va
giGi han tai nguyén ctia tting nganh dé lya chon
mo hinh va ky thudt phu hop.

networks dya hoan toan trén co ché tu chu y

Tai liéu tham khao

Aggarwal, C. C. (2016). Recommender systems: The textbook (1st ed.). Springer. https://doi.org/10.1007/978-
3-319-29659-3

Bernard, G. & Andritsos, P. (2017). A process mining based model for customer journey mapping. In
Forum and doctoral consortium papers presented at the 29th International Conference on Advanced
Information Systems Engineering (CAiSE 2017) (Vol. 1848, pp. 49-56). CEUR Workshop Proceedings.
https://api.unil.ch/iris/server/api/core/bitstreams/4a163d97-833d-454a-a9db-5380c2973948/content

Bernard, G., & Andritsos, P. (2018). CJM-ab: Abstracting customer journey maps using process mining. In J.
Mendling & H. Mouratidis (Eds.), Information systems in the big data era (CAiSE 2018, Lecture Notes
in Business Information Processing, Vol. 317, pp. 65-80). Springer. https://doi.org/10.1007/978-3-
319-92901-9_5

Breiman, L. (2002). Manual on setting up, using, and understanding random forests v3.1. Statistics Department
University of California Berkeley.

Breiman, L., Friedman, J., Olshen, R. & Stone, C. J. (1984). Classification and regression trees (1st ed.).
Wadsworth, Inc.

Chen, T., & Guestrin, C. (2016). XGBoost: A scalable tree boosting system. Proceedings of the 22nd ACM
SIGKDD International Conference on Knowledge Discovery and Data Mining (pp. 785-794). https://
doi.org/10.1145/2939672.2939785

Cox, D. R. (1958). The regression analysis of binary sequences. Journal of the Royal Statistical Society: Series
B (Methodological), 20(2), 215-232. https://doi.org/10.1111/j.2517-6161.1958.tb00292.x

Dam, N. A. K, Dinh, T. L., & Menvielle, W. (2021). Towards a conceptual framework for customer
intelligence in the era of big data. International Journal of Intelligent Information Technologies (IJ1IT),
17(4), 64-80. https://doi.org/10.4018/IJIIT.289968

Fawcett, T. (2006). An introduction to ROC analysis. Pattern recognition letters, 27(8), 861-874. https://doi.
org/10.1016/j.patrec.2005.10.010

Fix, E., & Hodges, J.L. (1951). Discriminatory analysis: nonparametric discrimination: Consitency properties
(Technical Report No. 4). USAF School of Aviation Medicine.

Habets, S. (2020). Predicting a customer’s next touch point from customer journey data. Eindhoven University
of Technology, Netherlands. https://pure.tue.nl/ws/portalfiles/portal/174215023/Habets_S..pdf

Halvorsrud, R., Kvale, K., & Folstad, A. (2016). Improving service quality through customer journey analysis.
Journal of Service Theory and Practice, 26(6), 840-867. https://doi.org/10.1108/JSTP-05-2015-0111

Hernandez,S., Alvarez, P., Fabra, ., & Ezpeleta, ]. (2017). Analysis of users’ behavior in structured e-commerce
websites. IEEE Access, 5, 11941-11958. https://doi.org/11941-11958. 10.1109/ACCESS.2017.2707600

Hu, Y., Koren, Y., & Volinsky, C. (2008). Collaborative filtering for implicit feedback datasets. In Proceeding
of the 2008 Eighth IEEE International Conference on Data Mining (pp. 263-272). IEEE. https://doi.
org/10.1109/ICDM.2008.22

Kabir, S., Mudur, S. P., & Shiri, N. (2012). Capturing browsing interests of users into web usage profiles. In
Intelligent Techniques For Web Personalization And Recommender Systems, AAAI Workshop (pp.19-
25). AAAI Press.

Lemon, K. N., & Verhoef, P. C. (2016). Understanding customer experience throughout the customer
journey. Journal of Marketing, 80(6), 69-96. https://doi.org/10.1509/jm.15.0420

53



Tap chi Nghién ctiu Tai chinh - Marketing S6 93 (Tap 16, Ky 6) — Thang 12 Nam 2025

de Leoni, M., Maggi, F. M. & van der Aalst, W. M. P. (2015). An alignment-based framework to check the
conformance of declarative process models and to preprocess event-log data. Information Systems, 47,
258-277. https://doi.org/10.1016/j.is.2013.12.005

Macqueen, J. (1967). Some methods for classification and analysis of multivariate observations. In L. M. L.
Cam, J. Neyman (Eds.), Proceedings of the Fifth Berkeley Symposium on Mathematical Statistics and
Probability (pp. 281-297). http://projecteuclid.org/euclid.bsmsp/1200512992

Mangiaracina, R., Brugnoli, G., & Perego, A. (2009). The ecommerce customer journey: A model to assess and
compare the user experience of the ecommerce websites. Journal of Internet Banking and Commerce,
14(3), 1-11.

Melville, P. & Sindhwani, V. (2010). Recommender systems. In: C. Sammut, G. I. Webb (Eds.), Encyclopedia
of Machine Learning (pp. 829-838). https://doi.org/10.1007/978-0-387-30164-8_705

Pacuk, A., Sankowski, P., Wegrzycki, K., Witkowski, A., & Wygocki, P. (2016). RecSys Challenge 2016:
Job recommendations based on preselection of offers and gradient boosting. Proceedings of the
Recommender Systems Challenge (RecSys Challenge °16). Association for Computing Machinery.
https://doi.org/10.1145/2987538.2987544

Ricci, F., Rokach, L., & Shapira, B. (2010). Introduction to recommender systems handbook. Recommender
systems handbook (pp. 1-5). Springer. https://doi.org/10.1007/978-0-387-85820-3_1

Rozinat, A., & van der Aalst, W. M. P. (2008). Conformance checking of processes based on monitoring real
behavior. Information Systems, 33(1), 64-95. https://doi.org/10.1016/j.i5.2007.07.001

Schonenberg, H., Weber, B., van Dongen, B. & van Der Aalst, W. (2008). Supporting flexible processes
through recommendations based on history. In M. Dumas, M. Reichert, M. C. Shan (Eds.), Business
Process Management: 6th International Conference, BPM 2008, Milan, Italy, September 2-4, 2008 (pp.
51-55), Springer. https://doi.org/10.1007/978-3-540-85758-7_7

Singh, H. B. & Singh, H. K. (2010). Web Data Mining research: A survey. In the 2010 IEEE International
Conference on Computational Intelligence and Computing Research (pp. 1-10). IEEE. https://doi.
org/10.1109/ICCIC.2010.5705856

Sharkawy, A.-N. (2020). Principle of neural network and its main types: Review. Journal of Advances in
Applied & Computational Mathematics, 7, 8-19. https://doi.org/10.15377/2409-5761.2020.07.2

Skulimowski, A. & Kacprzyk, J. (1997). Knowledge, information and creativity support systems: Recent
trends, advances and solutions. Proceedings of the KICSS2013-8th International Conference on
Knowledge, Information, and Creativity Support Systems, November 7-9, 2013, Krakow, Poland.
Springer. https://doi.org/10.1007/978-3-319-19090-7

Terragni, A. & Hassani, M. (2018). Analyzing customer journey with process mining: From discovery to
recommendations. 2018 IEEE 6th International Conference on Future Internet of Things and Cloud
(FiCloud) (pp. 224-229). IEEE. https://doi.org/10.1109/FiCloud.2018.00040

Tharwat, A. (2020). Classification assessment methods. Applied Computing and Informatics, 17(1), 168-192.
https://doi.org/10.1016/j.aci.2018.08.003

Wietholter, J., Salingré, J., Feldmann, C., Schwanitz, J., & Niessing, J. (2023). Exploring customer journey
miningand RPA: Prediction of customers’ next touchpoint. InJ. Képke, O. Lopez-Pintado, R. Plattfaut,
J.-R. Rehse, K. Gdowska, F. Gonzalez-Lopez, J. Munoz-Gama, K. Smit, & J. M. E. M. van der Werf
(Eds.), Business process management: Blockchain, robotic process automation and educators forum
(BPM 2023) (Lecture Notes in Business Information Processing, Vol. 491, pp. 181-196). Springer.
https://doi.org/10.1007/978-3-031-43433-4_12

Wolny, J. & Charoensuksai, N. (2014). Mapping customer journeys in multichannel decision-making. Journal
of Direct, Data and Digital Marketing Practice, 15, 317-326. https://doi.org/10.1057/dddmp.2014.24

54



	_Hlk195175813
	_Hlk195623136
	_Hlk195710271
	_heading=h.1fob9te
	_heading=h.nmf14n
	_heading=h.1t3h5sf
	_heading=h.26in1rg
	_heading=h.lnxbz9
	_heading=h.35nkun2
	_heading=h.1y810tw
	_heading=h.77glmjoad7hw
	_heading=h.httwcpazg63e
	_heading=h.fseq3vsabebz
	_heading=h.z4zwiaoob5fh
	_heading=h.shqoysdge3q9
	_heading=h.2xcytpi
	_Hlk164677631
	_Hlk216767920
	_Hlk216777752
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf
	_Hlk182254016
	_heading=h.4d34og8
	_GoBack
	_Hlk201143550
	_Hlk218496685

