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Tom tat:

Chuyén doi s6 la xu thé tdt yéu va la chién heoc trong tam ciia hé thong cdc ngan hang thiwong mai (NHTM)
Viet Nam. Tuy nhién, viéc thiéu hut mot cong cu do luong d(;ng nhat va da chiéu vé mirc @6 sé héa dang
la rao can 1om cho cac nghién ciru thie nghiém vi mé. Bdi viét xdy dung Chi s6 sé héa tong hop (Digital
Banking Index - DBI) cho ciac NHTM Viét Nam bang cdch irng dung phwong phéap Khai théc van ban trén
Bdo cdo thuong nién ciia 30 NHTM giai doan 2015 - 2025, két hop ky thudt Phdn tich thanh phan chinh
(PCA). Két qua thuwe nghiém khang dinh tinh diing dén, khoa hoc ciia phirong phdp ludn, dong thoi phéc hoa
70 nét buc tranh chuyén doi so phan hoa theo 3 giai doan tai Viét Nam. Pay la bo dir liéu nén tang, dat do
tin cdy dé irng dung vdo cdc mé hinh kinh té leong danh gid hiéu qud va riii ro hé thong.

Tir khéa: s6 héa ngdn hang, Chi s6 s6 héa tong hop DBI, khai théc van ban (Text Mining), phan tich thanh
phan chinh (PCA), ngdan hang thwong mai Viét Nam.

Developing a composite index to measure the digitalization of Vietnamese
commercial banks using text mining

Abstract:

This study develops a composite Digital Banking Index for Vietnamese commercial banks using text mining
and principal component analysis. The dataset comprises 330 annual reports from 30 banks during 2015
- 2025. Keyword density was calculated across four dimensions: technological infrastructure, digital
channels and customer experience, digital operations, and digital strategy and human resources. Principal
component analysis was then applied to generate an objective composite index without subjectively assigned
weights. Validation results demonstrate satisfactory reliability and confirm that the index captures the
multidimensional nature of banking digitalization. The findings also identify three development stages:
basic digitalization during 2015 - 2018, rapid expansion during 2019 - 2022, and deeper but increasingly
differentiated digital transformation during 2023 - 2025. The index provides a reliable dataset for subsequent
econometric research on banking performance and systemic risk.

Keywords. banking digitalization, Digital Banking Index, text mining, principal component analysis,
Vietnamese commercial banks.
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1. Pat van dé

Thuyc hién "Ké hoach chuyén dbi s6 nganh Ngan hang dén nim 2025, dinh hudng dén nim 2030" ctia
Ngan hang Nha nuéc, cac NHTM Viét Nam da dich chuyén manh mé tir mé hinh ngan hang truyén thong
sang mo hinh ngan hang sb dua trén dit liéu. Viéc dinh lugng chinh xac muc do sb hoa cua tung dinh ché
tai chinh dong vai tro sdng con ddi voi ngan hang 1an co quan quan ly. Mic du vy, tng quan tai Viét Nam
cho théy, da s6 cac nghién ctru thuc nghiém hién nay dang gap phai han ché 16n vé mit phuong phap luan
do luong. Cac tac gia thuong sir dung cac bién dai dién don 1¢ (Proxy variables) mang tinh gian tiép nhur:
Ty 1 chi phi cong nghé thong tin trén tong chi phi, s6 luong nguoi dung ing dung di dong, hodc sir dung
bién gia (Dummy variable) bang 0 hodc 1 dé danh gia mot ngan hang da s6 hoa hay chwa. Cach tiép can
nay chua thé hién tinh da chiéu ctia qua trinh chuyén d6i sb, von 1a sy téng hop tir ha tang, quy trinh, trai
nghiém khach hang cho dén chién lugce nhan su.

Dé giai quyét khoang tréng phuong phép luan nay, dé tai img dung k¥ thuat Khai thac van ban (Text
Mining) - mot nhanh tién tién cua Tri tué nhan tao va Xir Iy ngdn ngit tw nhién (NLP) - dé truc tiép trich
xuét dir liéu dinh lwong mang tinh khach quan tir vin ban Bao céo thuong nién. Myc tiéu xay dung va cong
bb Chi sb s hoa tong hop (DBI) chuan myc, khang dinh tinh dung dén cua phuong phap luan trude khi
dua vao cac md hinh kiém dinh tac dong vi md sau hon.

2. Co s6 ly luan va phwong phap nghién ciru

2.1. Co 56 Iy ludn vé khung do lwong sé héa ngin hang

Dua trén Ly thuyét dua trén nguon luc (Resource - Based View - RBV) va cac thong 18 qudc té cua Uy
ban Basel, qua trinh s6 hoa ngan hang khong phai 1a mot sy kién don 1¢ ma 1a mot nang lyc chién lugc cau
tric tir 4 nén tang cot 15i:

- Ha tang & Cong nghé nén tang (Infrastructure): Po ludng mirc d6 dau tu va tmg dung cac cong nghé
c¢6t 161 cu trac nén hé théng nhu: Pién toan dam may (Cloud); Dit liéu 16n (Big Data); AI; Blockchain va
hé thong 156i Core Banking thé hé¢ moi.

- Kénh phén phdi & Trai nghiém khach hang (Customer Experience): Po luong sy hién dién va twong
tac cua ngan hang voi ngudi dung trén khong gian sd, bao gdm céc tmg dung Mobile/Internet Banking,
dinh danh dién tir eKYC, thanh toan qua ma QR va chién luoc hop kénh Omni-channel.

- Quy trinh & Van hanh sé (Operations): Po ludng mirc d6 tu dong héa cac hoat dong ndi bd nhu: tmg
dung robot tu dong (RPA); phé duyét tin dung truc tuyén; chir ky sb va hop ddng dién tir nham t6i wu hoa
chi phi van hanh.

- Chién lugc & Nhan sy sb (Strategy & Human Resources): Po ludng tim nhin dai han cua ban linh
dao va ning lyc thich (mg ctia doi ngii nhan sy thong qua vin héa sd, ngan hang md (Open Banking) va
ngan sach dao tao k¥ nang cong nghé.

2.2. Phwong phdp nghién ciru va dir liéu

Thu thap dit lidu vin ban: Dbi twong nghién ctru 13 toan bd hé théng cac NHTM cb phan tai Viét Nam.
M4u nghién ciru bao gom 30 ngan hang trong giai doan 11 nim tir 2015 dén 2025 (tong cong 330 quan
sat bang - Firm Year Observations). Ngudn dir liéu 12 Bao céo thuong nién chinh thirc duoc cong bd cong
khai ctia cac ngan hang.

Quy trinh (mg dung Text Mining trich xuat tir khéa: Tac gia xay dung thuat toan Python dé xem qua
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toan bg vin ban clia cic Béo cao thuong nién. St dung biéu thirc chinh quy (Regular Expression) dé dém

nn

chinh x4c tan suit xuat hién cta cac cum tir khoa thudc 4 nén tang ly thuyét (vi dy: "tri tu¢ nhan tao", "ngan
hang 6", "ekyc", ... nham loai bo cac 16i dém trung ky tu an). Do do dai cia Bao cao thuong nién giita
cac ngan hang va gitra cac ndm co6 su khac biét rat 1on (dao dong tir 80 trang dén hon 300 trang), viéc st
dung s6 luong tir khoa tuyét dbi s& gy ra 13i thién vi quy mé. Do do, tac gia tién hanh chuin hoéa dit liéu
bang cach tinh Mat d¢ tir khoa (Keyword Density) cho timg nén tang (j) ctia bio cdo thudng nién ngan
hang (i) trong nam (t):

Density i \frac {\text{Ttr khoa thudc tru cot}j} {\text{Tong s tir trong Béo céo thuong nién} m}

Phuong phap Phéan tich thanh phan chinh (PCA) gop chi s6: D¢ tong hop 4 chuoi dir liéu mat do tir
khoa thanh mét chi s6 tong hop (DBI) duy nhit ma khong phu thudc vao y chi chii quan khi ty gan trong
s6, phuong phap Phan tich thanh phan chinh (PCA) dugc 4p dung. Cong thirc toan hoc cua chi s6 DBI
co6 dang:

BDI,,, =w, x Z(Density ;) + w, x Z(Density,,,,)
+w, X Z(Density{m}) +w, X Z(Density(m})

Trong d6: (Z(Density {W) )) 1a gia tri chuan hoa cua cac bién mat do; (Wj) la trong so trich xuat tr vecto
riéng (Eigenvector) ctia thanh phan chinh dau tién co gia tri riéng (Eigenvalue) 16n hon 1; Chi s6 DBI sau
d6 dugc chuan hoa vé thang do tir 0 dén 1.

3. Két qua thwe nghiém va thio luin

3.1. Kiém dinh tinh diing déin ciia phwong phdp lugn (PCA Validation)

Két qua phén tich ma tran twong quan giita 4 nén tang mat d¢ tir khoa dat hé sé twong quan duong kha
cao (tir 0.65 dén 0.82), chtirng minh cic nén tang ciing phan anh chung mot xu hudéng chuyén ddi sb.

Khi chay mé hinh PCA trén phan mém Stata, thanh phan chinh dau tién (PC1) c6 Eigenvalue = 2.85 > 1
va c6 kha ning giai thich dén 71.25% tong bién thé ctia toan bo dir liéu gde. Chi sb thdng ké KMO (Kaiser-
Meyer-Olkin) dat 0.78 > 0.5 va kiém dinh bac bo Bartlett co y nghia thong ké & mirc 1% (p < 0.001). Két
qua dinh luong nay khang dinh viéc tong hop dir lidu bang phuong phap PCA 1a hoan toan co gia tri, dat
dd tin cay va cau trac chi s6 DBI phan anh ding ban chat thuc té.

3.2. Pic diém phin héa ciia Chi sé DBI tai Vi¢t Nam

Sau khi tinh toan chi s6 DBI tir 0 d&én 1 cho 30 ngan hang giai doan 2015 - 2025, két qua thuc nghiém
phéc hoa rd nét 3 giai doan chuyén doi so:

+ Giai doan 2015 — 2018: Chi s6 DBI trung binh thip (0.18). T4p trung Internet Banking co ban.

+ Giai doan 2019 — 2022: Chi s6 DBI bung nd (0.55). Pong luc tir Covid19, eKYC va quét ma QR.

+ Gia doan 2023 — 2025: Chi s6 DBI chiéu sau (0.78). Phan héa manh: Khdi Tu nhan di dau AI/APL

Su phan hoéa theo ciu truc s¢ hitu (Bién diéu tiét STATE): Khéi NHTM C6 phan tu nhan quy md
16n (nhu Techcombank, VPBank, MB) ludn duy tri diém s6 DBI dan dau hé thong tir nim 2020 tro di
(DBI dat mtc tir 0.82 dén 0.94). Piéu nay chirng minh cdu triic quan tri linh hoat gitp khdi tu nhan
d6n dau cong nghé nhanh hon. Trong khi d6, khéi NHTM Nha nuée (Big 4) ban diu c6 téc d6 ting
DBI cham hon & giai doan 2015 - 2019 do cac rao can vé quy trinh phé duyét dau tu von cong nghé,
nhung di c6 sy but pha manh mé & giai doan 2022 - 2025 nho loi thé s& hitu tép dit lidu khach hang
khong 16.
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4. Két luan va kién nghi

4.1. Két lugn

Nghién ctru d3 xay dung thanh cong Chi sé s hoa tong hop (Digital Banking Index - DBI) cho hé
thdng cac ngan hang thuong mai (NHTM) tai Viét Nam giai doan 2015 - 2025 duya trén phuong phap toan
hoc khach quan, giai quyét triét dé cac han ché mang tinh don 1€ cua céc bién dai dién trude day. Cac két
qua kiém dinh thdng ké khit khe (bao gdm hé s6 KMO = 0.784, kiém dinh Bartlett c6 y nghia ¢ mic 1%
va gia tri Eigenvalue ciia PC1 dat 2.85) déu xac nhan tinh dung din, khoa hoc va dé tin cdy cua phuong
phap luan Khai thac vin ban (Text Mining) két hop Phan tich thanh phan chinh (PCA).

Két qua thuc nghiém tir bo dit 1iéu khong chi khang dinh ning luc s hoa cua cac ngan hang lién tuc
tang truéng qua 3 giai doan mang tinh budc ngoit, ma con phac hoa rd nét sy phan héa siu sic theo cau
trac s& hitu. Khdéi NHTM ¢ phﬁn tu nhan quy md 16n cho théy su linh hoat, chu dong trong viéc don
dau cac cong nghé 13i (AI, API), trong khi khdi NHTM Nha nudc (Big 4) thé hién sy but pha manh mé
& giai doan sau nho lgi thé quy mé dit liéu. Pong gop thuc tién 16n nhét ciia nghién ctru 1a cung cip mot
bo dir liéu bang (Panel data) sach, c6 dd tin cdy hoc thuét cao dé sén sang ung dung vao cac mo hinh
hdi quy vi mé tiép theo, gitip do ludng chinh xéac tac dong cua sb hoa dén hiéu qua hoat dong va rui ro
hé thdng tai chinh.

4.2. Han ché ciia nghién civu

Mic du dat duoc nhiing két qua kha quan vé mit phuong phap luan, nghién ctru khong tranh khoi mot
s6 han ché cdt 16i can duge nhin nhan mot cach khach quan:

- Phuong phap trich xudt vian ban: Viéc tinh toan mat do tir khoa tir Bao cdo thudng nién moi chi phan
anh muc do cam két, dinh huéng chién luge hodc hoat dong truyén thong cua ban lanh dao ngan hang.
Phuong phéap nay chua thé do ludng truc tiép dong von dau tu thuc té hodc hiéu qua van hanh thuc chat
clia cac cong nghé. Pong thoi, nghién ciru chua kiém soat hoan toan hién tugng "th6i phong" thong tin
cong nghé (Tech-washing) nhim muc dich 1am dep bao cdo cua cac dinh ché tai chinh.

- Tinh ngir canh: Ky thuat dém tan suat bang biéu thirc chinh quy (Regex) chua boc tach duoc sic
thai ngt canh ctia cau van. Do d9, cac tu khoa xuit hién trong cau mang tinh phu dinh hoac viét v& mot
du an cong nghé thir nghiém that bai van duoc ghi nhan diém sb tuong duong véi cac du an trién khai
thanh cong.

- Pham vi mau va nguon dir liéu: Nghién ctru chi gigi han trong pham vi 30 NHTM c6 phan. Khéi cac
t6 chtrc tai chinh quan trong khac nhu ngan hang nudc ngoai, ngan hang chinh sach hodc cac cong ty tai
chinh cong ngh¢ (Fintech) chua dugc dua vao mo hinh. Ngoai ra, viéc chi phu thudc vao mot nguén tai
liéu duy nhat 1a Bao cdo thuong nién c6 thé 1am bo sot cac cap nhat cong nghé lién tuc tir truyén thong
hodc dé an ndi bo.

- Tinh dong ciia trong s6: Phuong phap PCA 4p dung trong nghién ciru nay tinh toan trong s6 dua trén
ma tran hiép phuong sai cta toan bd giai doan 11 ndm. Viéc nay vo tinh ¢6 dinh hé s6 dong gop cua cac
nén tang, trong khi trén thyc té tam quan trong ciia timg nén tang sb hoa c6 thé thay doi theo timg thoi ky
chién lugc cta nganh ngan hang.

4.3. Hwéng nghién ciru dw kién

D¢ khic phuc cac han ché néu trén va nang cao gia tri khoa hoc, cac nghién ctru trong twong lai cé thé
mo rong theo cac hudng sau:
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- Ung dung cac mé hinh ngdn ngit tién tién: Thay vi ding lai ¢ viéc dém tir khoa, cac nghién ciru tiép
theo nén trng dung cac ky thudt xt Iy ngdn ngilt ty nhién sau hon (phan tich cam tinh - Sentiment Analysis,
hodc cac md hinh ma hoa ngit canh dua trén BERT/GPT) dé boc tach chinh xac sdc thai, bdi canh thuc hién
cong nghé cua ngan hang, tir d6 kiém soat hiéu qua hién tugng "Tech-washing".

- Pa dang héa ngudn dir lidu va d6i tuong: Nghién ctru twong lai c¢6 thé tich hop dit lidu tir Bao céo
thudng nién véi cac thong cdo bao chi, thong tin tir Ngan hang Nha nudc va dir liéu danh gia trai nghiém
thuce té ciia nguoi dung trén cac kho timg dung (App Store/Google Play). Pham vi nghién ctru ciing can mo
rong sang khdi ngan hang nudc ngoai va cic cong ty Fintech dé phac hoa buic tranh s6 hoa toan dién hon
cho nganh tai chinh.

- Ap dung trong s6 dong theo thoi gian (Dynamic PCA): Chuyén doi tir m6 hinh trong s ¢ dinh sang
tinh toan trong sb dong theo tung giai doan phat trién cu thé cua thi truong (vi du: giai doan khoi tao ha
ting va giai doan bung nd tmg dung cong nghé chidu sdu) dé phan anh chinh xac sy dich chuyén tim quan
trong cua cac tru cot sb hoa.

- Mo rong cac kiém dinh thuc nghiém sau hon: St dung chi sb DBI da xay dung dé dua vao cac mod
hinh kinh té luong ning cao (mé hinh GMM hé théng, hdi quy Ngudng hoic hdi quy bang dong) nham
phan tich sau sic tac dong nhan qua, phi tuyén tinh cta s6 héa dén cac chi sb sinh 16i (ROA, ROE), ning

lyc quan tri rai ro hodc muc do lay lan rui ro hé thong ctia cac ngan hang tai Viét Nam ®

Loi cam on:

Dé hoan thanh bai nghién ciru nay, tic gia xin givi 10i cdm on sdu sic nhat téi Thay, Cé khoa Tai
chinh - Ké todn Trwong Dai hoc Nguyén Tit Thanh di tén tinh hé tro dwa ra nhivng dinh hwdéng quy bdu
va tri an téi gia dinh, dong nghiép, ban bé di dpng vién, khich 1¢ hoan thanh nghién ciru.
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