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TOM TAT:

Nghién ctru nay dé xudt giai phap chatbot Al sir dung cong nghé Tao sinh ting cuong bang truy xuat
(Retrieval-Augmented Generation - RAG) chay trén may chu cuc bd (Local LLM), tich hop truc tiép
vao hé thong LMS Moodle. Piém dot pha ctia nghién ciru nam & thuat toan Bo nhé dém ngit nghia lai
(Hybrid Semantic Cache - HSC) gitip giam 99,7% thoi gian phan hoi va dwa chi phi bién cho mdi truy
van vé muc bang khong. Két qua thyc nghiém trén 320 sinh vién cho thdy, hé thong dat do chinh xac
trung binh 92%, khong ghi nhan hién twong ao giac Al trong bo cau hoi kiém thir, dong thoi ting cudng
kha nang kiém soat dit liéu do xir Iy cuc bd cho co s gido duc. Nghién ctru cung cap mot mo hinh kha
thi v& mat kinh té va ky thuat dé cac truong dai hoc, cao dang trién khai tro giang 4o quy mé 16n véi chi

phi van hanh téi thiéu.

T khéa: chuyén dbi s6, quan tri LMS, RAG chatbot, hiéu qua kinh té.

1. Pit vin dé

Chuyén ddi sb trong gido duc dang 1a wu tién
chién Iuoc cua Viét Nam, duoc thé hién rd qua Quyét
dinh sb 131/2022/QD-TTg phé duyét Dé an “Ting
cuong tmg dung cong nghé thong tin va chuyén déi
) trong gido duc va dao tao giai doan 2022-2025,
dinh hudng dén nam 2030”. Chuyén ddi s6 trong gido
duc khong chi don thuan 14 viéc s6 héa tai liéu ma con
1a sy thay ddi cin ban trong phuong thirc quan 1y va
tuong tac day - hoc. Tai Viét Nam, hé théng quan ly
hoc tap (LMS Moodle) di trd thanh nén tang phd
bién tai nhiéu co s¢ dao tao. Tuy nhién, thyc trang
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hién nay cho thiy cac hé thong nay cha yéu dong vai
trd 1a kho chira hoc lidu tinh, thiéu kha ning hd trg
tuong tac tirc thoi cho sinh vién. Tu goc do quan ly
gido duc, sy thiéu hut cong cu hd tro tuong tac tw
dong dat ra 2 bai toan nan giai: (1) sinh vién khong
duoc giai dap kip thoi cac vdng méc ngoai gid hoc,
anh huodng ti€u cuc dén chét luong tu hoc va dong luc
hoc tap; (2) giang vién phai d6i mat voi khéi lugng
cong viéc hd trg ngay cang gia ting, anh huong dén
ning sut giang day va nghién ctru. Pay 1a khoang
tréng quan 1y ma cong nghé chatbot Al c6 thé lap day
mot cach hi¢u qua.
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Viéc su dung cac giai phap Al thuong mai qua
API bén thir ba nhu OpenAl boc 16 nhiéu rao cin vé
quan tri: chi phi duy tri cao theo luu lugng sir dung,
nguy co 19 lot dir liéu ndi bd va hién tuong “do giac
AI” gily sai léch kién thirc chuyén mon (OpenAl,
2025). T gbc dd quan tri tai chinh va an ninh thong
tin, cac co sd giao duc can mot giai phap Al ty chu, an
toan va tbi wu vé chi phi. Nghién ciru nay duoc thuc
hién nham giai quyét nut thit d6 théng qua viéc thiét
ké va thir nghiém hé thong chatbot Al tich hop RAG
chay cuc b, gilip nang cao hiéu qua tu hoc cua sinh
vién va giam tai ap luc ho trg cho giang vién.

2. Co s6' 1y thuyét

2.1. Vai tro ciia LMS va chatbot trong qudan tri
gido duc 6

Chuyén di sb trong gido duc khong don thuan 1a
viéc sb hoa tai lidu hay day hoc truc tuyén, ma la qua
trinh tai ciu tric toan dién mé hinh quéan 1y va vén
hanh cua nha truong thong qua ing dung cong nghé
ky thuat sé (UNESCO, 2023). Trong quan Iy nha
truong hién dai, LMS dong vai tro 14 ha ting trung
tam, tich hop céc chtic nang quan ly khoa hoc, phan
phéi hoc li¢u, danh gia hoc tap va theo doi tién do cua
ngudi hoc. Moodle v6i cong ddng hon 300 tridu
nguoi dung tai hon 240 qudc gia, 1a nén tang LMS mi
ngudén mé phd bién nhit thé gidi (Moodle, 2025),
mang lai loi thé 16n vé tinh linh hoat, kha ning tiy
chinh va dac biét 1a khong phat sinh chi phi ban
quyén phin mém.

Chatbot gido duc 1 hé thong phan mém twong tac
bang ngdn ngit ty nhién, c¢6 kha ning déng vai tro trg
giang 40, hd trg hanh chinh va cung cip phan hoi ca
nhan hoa cho nguoi hoc (Winkler & Sollner, 2018).
Tir goc d6 quan 1y, chatbot khong thay thé giang vién
ma déng vai tro xtr 1y cac cau hoi thuong gip va hod
tro hoc tap ngoai gio, qua do giai phong thoi gian cua
giang vién cho cac hoat dong giang day va nghién
clru cd gia tri gia tang cao hon (Winkler & Sollner,
2018). LMS dugc xac dinh 1a thanh phan c6t 18i cua
hé sinh thai gido duc $6, hd tro theo ddi tién trinh va
cai thién hiéu qua dao tao. Viée tich hgp chatbot vao
LMS gitip ca nhan héa 16 trinh hoc tap, cung cip phan
hdi khach quan va nhanh chéng cho ngudi hoc. Céac

nghién clru trude day chi ra, chatbot gitip sinh vién
tiép can tai nguyén gido duc hiéu qua hon, dong thoi
giai phong giang vién khdi cac tac vu hanh chinh 1ap
lai (UNESCO, 2023).

2.2. Cong nghé RAG va xu huong LLM trong
gido duc

Tao sinh ting cudng bang truy xuét (Retrieval-
Augmented Generation - RAG) 1 kién trac két hop
gitta hé thong truy xuét thong tin ngit nghia va mo
hinh ngén ngit tao sinh, dugc Lewis et al. (2020) dé
xuét. Trong gido duc, RAG co y nghia dic biét quan
trong vi giai quyét duoc vin d& “ao gidc AI” - hién
tuong mo hinh ngdn nglr sinh ra ndi dung sai léch
khong c6 can ctr - mot rao can nghiém trong khi Gmg
dung Al trong méi truong doi hoi do chinh xac cao vé
kién thtrc chuyén mén. Tir goc d6 quan 1y chat luong
gido duc, RAG cho phép chatbot chi tra 101 dua trén
tai liéu hoc liéu da duoc kiém duyét boi giang vién,
dam bao tinh nhat quan va chuan xac ciia thong tin
cung cdp cho ngudi hoc. Pay 14 yéu té then chdt dé
cac nha quéan 1y gidao duc c¢6 thé ty tin trién khai Al
trong nha truong.

2.3. Bj nhé dém ngiv nghia cho hé thong AI

Trong hé théng Al dya trén LLM, mdi truy véan
déu phat sinh chi phi tinh toan dang ké do mo hinh
phai xir 1y toan bo ngit canh dau vao. B6 nhé dém
nglt nghia 1a k¥ thuat luu trt cac cdp cau hdi - cau
tra 101 da xu 1y, sau do tai sir dung két qua khi gip
truy van twong ty vé mit ¥ nghia (Bang, 2023).
Khac véi bd nhd dém truyén théng chi khép chinh
xac ting ky tu, bd nhd dém ngit nghia st dung cac
vector nhiing dé do d6 twong ddng cosine giita cau
héi méi va cau hoi da luu, cho phép nhan dién cac
bién thé ngdn ngit cung ¥ nghia. Trong méi trudng
gido duyc - noi sinh vién thuong dit nhiéu cau hoi
twong ty nhau xung quanh cac chii & chinh - b nh
dém ngit nghia duoc ky vong mang lai hidu qua tiét
kiém tai nguyén dang ké.

3. Thiét ké nghién ciru

3.1. Phwong phap nghién ciru

Nghién ctru st dung phuong phap Nghién ciru
Thiét ké va Thuc nghiém (Design Science Research -
DSR) két hop véi phén tich chi phi - 1oi ich. DSR phu
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hop cho cac nghién ciru nhim tao ra va danh gia cac
giai phap cong nghé trong bbi canh t6 chirc cu thé
(Hevner et al., 2004). Quy trinh nghién ctru gém 4
giai doan: (1) phén tich nhu cau t6 chirc va thiét ké
giai phap; (2) trién khai hé théng
trong moi truong thuc t&; (3)
thuc nghiém va thu thap dir li¢u o
Indexing pipeline

da chiéu; (4) phan tich hiéu qua

kiém thtr 200 cau hoi cho thay bo tham sb 1.200/300
token dat do chinh xac trung binh 92%, cao hon rd
rét so voi cac cau hinh chunk don cip truyén thong.
Hinh 1.

Hinh 1: S0 dé chién Iuoc phdan cdp Cha-Con

quan ly, kinh té va ky thuat.
Nghién ctru dwoc trién khai

tai Truong Cao ding Kinh té

TP. HS Chi Minh (HCE), mot
co s& gido duc cong lap dién
hinh tai Viét Nam voi khoang
9.000 sinh vién dang theo hoc.
HCE da van hanh LMS Moodle
tor ndm 2021 nhung chua tich Retrieval pipeline

hop bét ky cong cu Al tuong tac
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Top-k child chunks
tuong déng nhat
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2. Lay parent tugng ng
M4 réng ngir canh day da

phé bién cua hoc phan va sy da
dang trong nhu ciu cau hoi cua
Thoi thuc
nghiém kéo dai 8 tuan trong hoc

sinh  vién. gian
ky. Dit lidu duoc thu thap gém:
(i) nhat ky truy van hé thong gém thoi gian phan
hdi, trang thai bo dém, do dai cau tra 10i; (ii) bo 200
cau hoi kiém thtr do giang vién xdy dung dé danh
gia do chinh xac phan hoi; (iii) khao sat mirc d hai
1ong ciia 320 sinh vién trude va sau trién khai theo
thang do Likert 5 diém; (iv) bao cdo khéi lugng
cong viéc cua giang vién phu trach trudce va sau khi
trién khai hé thong.

3.2. Kién triic hé thong RAG phin cip

Dé giai quyét mau thudn gitra d6 chinh xac tim
kiém va tinh toan ven cua ngir canh, nghién ciru ap
dung kién tric cua bo truy xudt phan cip Cha-Con.
Doan con (Child Chunks) véi kich thudce 300 token,
duoc dung dé so sanh vector véi cau hoi ngudi ding
nham dinh vi thong tin chinh xac nhét. Poan cha
(Parent Chunks) v¢i kich thude 1.200 token, bao
tram doan con dé cung cip day du ngit canh cho md
hinh Al sinh cau tra 161 logic. Thyc nghi€m trén bo
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3. Dua vao context
Prompt augmentation

M6 hinh qwen2.5:1.5b
Sinh cau tra |oi

3.3. Thudgt toan By nho dém ngir nghia lai
(HSC)

Day 1a dong gop trong yéu vé mit ky thuat va kinh
té cua nghién ctru. Thuat toan két hop 2 16p tra ctru:
(1) Exact Match - tra ctru nhanh dya trén ham bam
MD)5 cho cac cau hoi gidng hét; (2) Semantic Match -
sir dung md hinh nhing bge-m3 dé do luong do
tuong dong cosine v6i ngudng khit khe 0,92. Co ché
nay cho phép hé thong nhan dién cac ciu hoi bién thé
¢6 ciing ¥ nghia nhung khac tir ngit dé tra 10 ngay lap
tirc tir bo nhé dém, gitip tiét kidm tai nguyén may chu
dang ké. Toan bo kién trac tong thé cua hé thong
dugc mo ta trong Hinh 2.

4. Két qua thwe nghiém va thao luin

4.1. Hi¢u nang ky thudt

Thir nghiém trén cac kich ban thuc té cho théy,
két qua tich cuc & nhiéu chi tidu ky thuat then chdt.
Bang 1 téng hop cac chi tiéu hiéu ning do dwoc
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Hinh 2: So dé kién tric hé théng téng thé

i Sinh viérD
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gidy xudng dudi 0,5 gidy, twong
duong murc tiét kiém 99,7%
thoi gian tinh toan.

4.2. Hiéu qud qudn Iy déi
voi gidng vién va sinh vién

Két qua khao sat va do
luong khdi lugng cong viée
trong 8 tudn thuc nghiém cho
théy tac dong tich cuc ro rét dén
ca hai nhom dbi tugng. Dbi véi

Boc/ ghi i
T giang vién, sO luong cau hoi cua
sinh vién gui qua email va tin
nhin ngoai gio giam 67% so
voi cung ky hoc trude, tir trung
binh 45 cau/tuan xudng con 15
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cau/tuan. Phan 16n cau hoi con

trong giai doan thuc nghiém. Két qua cho thiy, do
chinh xac trung binh 92% la muc chip nhan duoc
cho mai trudng gido duc, trong d6 cac ciu hoi nim
tron trong tai liéu dat 100%, cac cau hoi can suy
luan lién doan dat khoang 90%. Ty 1¢ khong xdy ra
ao giac Al dat 100% nhd co ché Prompt
Engineering rang budc mo hinh chi tra 101 dya trén
ngit canh duoc cung cép. Dic biét, khi truy vén
trang bo nhé dém, thoi gian phan hoi giam tir ~89
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/1 hd trg hoc tap - do theo thang
Likert 5 diém, tang tir 3,7 trudc
khi trién khai 1én 4,47 sau khi
trién khai, twong dwong mtc cai thién 20,8%. Khia
canh dugc danh gia cao nhét 1a tinh sdn sang 24/7
(4,6/5) va tbc do phan hoi (4,5/5).

4.3. Phdn tich chi phi sé hiru va hiéu qua
kinh té

Phan tich chi phi - loi ich la cong cu quan trong
gitp cac nha quan 1y gido duc ra quyét dinh dau tu
cong nghé c6 can cir. Trong bdi canh ngén sach cong
han ché tai cac truong dai hoc va cao dé“ing Viét Nam,

Bang 1. Hiéu ndng ky thuat ctia hé théng

Chitiéu Két qua do lwong Ghi chu
D6 chinh xac phan héi 90 - 100% Trung binh 92% trén 200 cau héi kiém thir
Ty 1& khéng &o giac Al 100% Nh& co ché 1énh rang budc ngudn
Thoi gian phan héi (LLM tryc tiép) ~89 giay Do trén may chui néi bd ctia HCE
Thoi gian phan héi <0,5 giay Tiét kiém 99,7% thoi gian tinh toan
Ty lé tring bd dém cao diém >80% Do trong giai doan 6n thi cubi ky
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céc quyét dinh dau tur cong nghé can duoc danh gia
dua trén téng chi phi s¢ hitu (TCO), loi ich dinh
lugng dugc nhu giam chi phi van hanh va ting nang
suét, cung cac loi ich dinh tinh nhu céi thién trai
nghiém hoc tdp va nang cao uy tin nha truong. Mo
hinh LLM cuc bd (Local LLM) néi 1én nhu mot lua
chon chién lugc phit hop véi bai toan nay khi két hop
duoc vu diém vé chi phi ciia phan mém mé ngudn mo
voi kha nang Al tién tién.

Duéi goc d6 quan 1y kinh té, nghién ctru so sanh 2
phuong 4n trién khai trong vong 3 nim cho mot
truong ¢ 9.000 sinh vién. Mdi ngay trung binh c6
1.000 cau hoi, mdi truy van gém Prompt ndi dung
RAG va cau tra 161 tén khoang 2.000 token. Bang 2
trinh bay két qua so sanh chi tiét.

ty 1¢ trang bo nhé dém du kién dat trén 80% do
sinh vién thuong hoi cac ciu twong tu nhau. Didu
nay giup hé thdng duy tri thoi gian phan hoi 6n dinh
dudi 5 gidy ngay ca khi c6 hang chuc yéu ciu
ddng thoi, tranh hién tuong nghén cb chai phan
cung va gilt dugc trai nghiém nguoi dung trong
diéu kién tai cao.

4.5. Thio lugn két qud

Két qua nghién ctru cung cép bang chimng thuc
nghiém quan trong cho cac nha quan ly gido duc
trong viéc ra quyét dinh ng dung Al Mic giam
67% cau hoi ngoai gio khong chi 1a con s thong ké
don thudn ma phan anh sy thay d6i thuc su trong mo
hinh van hanh hd trg hoc tap. Khi giang vién duoc
giai phong khoi cac cau hoi 1dp lai mang tinh thu

Béng 2. So sanh hiéu qua kinh 1€ gitta Local LLM va Cloud API

Tiéu chi

Phwong an Local LLM (Ollama)

Phwong an Cloud APl (Commercial LLM)

DAu tw ban dau 130.000.000 VND

0VND

Chi phi van hanh/nam

~36.000.000 VND (dién, bao tri)

~100.000.000 VND (phi API)

Téng chi phi 3 nam ~238.000.000 VND

~300.000.000 VND

Bao mat di liéu

Tuyét déi do lwu triv ndi bo

Rui ro 10 lot thdng tin

Chi phi bién mdi cau hoi 0VND

Tang theo sb lwong sinh vién

Phan tich cho thdy dii Local LLM yéu ciu dau tu
ban dau cao, nhung vé dai han, khi lugng sinh vién va
tan sut truy véan tang 1én, hé théng ndi bo mang lai
hi¢u qua kinh té vuot troi. Téng tiét kiém trong 3 nam
dat khoang 62 tridu dong so v6i phuong an Cloud
API, chua ké phan tiét kiém gian tiép tir viéc giam tai
khdi lugng cong viée ciia giang vién - khoang 100
tridu dong/nam dua trén don gia gid giang quy doi.
Dic biét, chi phi bién gan nhu bang 0 & goc do phi
API, chua tinh dién, bao tri va khiu hao phé”m cling,
cho phép nha trudng cung cap dich vu hd trg 24/7 ma
khong lo ngai vé ngén sach bién dong.

4.4. Khd nang chiu tdi va tinh bén vitng

Trong cic giai doan cao diém nhu dau hoc ky
khi diing ky mén hoc hay giai doan 6n thi cudi ky,
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tuc, ho c6 thé tap trung vao cac hoat dong co gia tri
hoc thuat cao hon nhu thiét ké bai giang, nghién ctru
khoa hoc va tu van hoc thuét chuyén sau. Day la sy
dich chuyén quan trong trong phan bo ngudn luc
con nguoi tai cac co s gido duc.

Tir goc do quan 1y chét luong, ty 18 khong xay ra
ao giac Al dat 100% trong moi truong kiém soat 1a
két qua dic biét c6 ¥ nghia. Didu nay cho théy, khi
dugc thiét ké dung cach vai kién tric RAG, chatbot
Al c6 thé dam bao tinh chinh x4c cua thong tin hoc
thuat & mirc do chép nhan dugc cho moéi truong
gido duc. Pay la diéu kién tién quyét dé cac nha
quan 1y gido duc tu tin phé duyét trién khai Al trong
moi truong hoc thuat chinh thirc.

Tir gbc d6 kinh té gido duc, nghién ctru dé xuét
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mdt md hinh trién khai 3 giai doan phit hop véi bbi
canh cac truong cong 1ap Viét Nam. Giai doan 1 (nam
dau): dau tu phin cing tip trung va trién khai thi
diém trén 2-3 hoc phﬁn ¢6 lugng sinh vién lon dé dat
hidu qua cache cao nhét. Giai doan 2 (ndm thir hai):
md rong sang toan bd cac hoc phén truc tuyén, tan
dung ha ting sin c6. Giai doan 3 (tir nam thir ba): tich
hop thém tinh ning phan tich hoc tap va phat trién mé
hinh lién trudng dé chia sé ha tang, giam thém chi phi
dAu tur binh quén.

M6 hinh lién trudng dic biét phit hop véi bbi canh
Viét Nam, khi nhiéu truong cao déng va dai hoc dia
phuong c6 quy mé nhé, ngan sach han ché nhung cé
thé cting chia sé mot may chu AI ding chung va phan
chia chi phi theo s6 lwong sinh vién. Day 1 hudng di
¢6 thé nhan rong md hinh 1én cip do tinh, thanh phd
hodc theo cum truong cung nganh dao tao.

5. Két luin

Nghién ciru nay di cung cip bang chimg toan dién
vé hidu qua quan 1y, kinh té va k¥ thuat cua viéc ing
dung chatbot AI tich hop LMS Moodle trong bbi
canh chuyén déi sb giao duc tai Viét Nam. 3 két qua
cbt 161 gom: (1) giam 67% cau hoi ngoai gio cho
giang vién va cai thién 20,8% diém hai 1ong cta sinh
vién; (2) tiét kiém khoang 62 triéu dong TCO trong 3
nam so véi giai phap Cloud API, chua ké gi4 tri tiét
kiém gian tiép tir thoi gian giang vién; (3) dat do
chinh xac trung binh 92% va ty 1¢ khong xay ra ao

TAI LIEU THAM KHAO:

giac Al 100%, véi thoi gian phan hoi dudi 0,5 gidy
khi tring cache.

Diém dic biét quan trong trong bdi canh chinh
sach gido duc qubc gia 1a mé hinh hoan toan cuc bo,
khong phu thudc vao nha cung cép nudc ngoai, gop
phén ting cuong kha ning kiém soét dit liéu gido duc,
giam phuy thudc vao nén tang Al thuong mai bén ngoai
va phu hop voi dinh hudng tu chi cong nghé trong
chuyén déi sé gido duc - trong chién luge chuyén doi
sé qubc gia. Nghién ctru nay c6 thé 1a tai liéu tham
khao hitu ich dé cac nha quan Iy gido duc va hoach
dinh chinh sach dua ra quyét dinh dau tu cong nghé Al
¢6 can cir khoa hoc, gop phéan thuc day chuyén ddi sb
giao duc Viét Nam mdt cach bén viing va hiéu qua.

Nghién clru c6 mot s6 han ché can duogc thua
nhan. Th nhét, quy mé thuc nghiém con gidi han &
mot hoc phﬁn va mot truong, cAn mé& rong dé ¢6 tinh
dai dién cao hon. Thir hai, dir liéu hiéu qua quan ly
duoc thu thap trong 8 tudn, chua di dé danh gia tac
dong dai han dén két qua hoc tép cua sinh vién. Thi
ba, phan tich chi phi - 1oi ich chua tinh dén chi phi dao
tao nhan lyc ky thuat ndi bd dé van hanh va bao tri hé
thong. V& hudng nghién ctru tiép theo, can c6 nghién
ctru doc danh gia tac dong cua chatbot Al dén két qua
hoc tap nhu diém thi va ty 1€ hoan thanh hoc phﬁn,
ddng thoi thyc hién nghién ctru so sanh giira cac
truong trién khai va chua trién khai dé danh gia loi
thé canh tranh m
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ENHANCING EDUCATIONAL EFFECTIVENESS
THROUGH AI CHATBOT INTEGRATION:
AN EXPERIMENTAL STUDY WITHIN
THE MOODLE LEARNING MANAGEMENT SYSTEM (LMS)

® TRUONG TAN LOC':2
® NGUYEN DUY THANH?
1 Ho Chi Minh City College of Economics
2Ho Chi Minh University of Banking

ABSTRACT:

This study proposes an Al chatbot solution based on Retrieval-Augmented Generation (RAG)
technology deployed on a local server using a Local Large Language Model (Local LLM) and
directly integrated into the Moodle Learning Management System (LMS). The primary contribution
of the research is the development of the Hybrid Semantic Cache (HSC) algorithm, which reduces
response time by 99.7% while effectively lowering the marginal cost per query to nearly zero.
Experimental results involving 320 students demonstrate that the system achieved an average
accuracy rate of 92%, with no instances of Al hallucination detected in the evaluation questions. In
addition, the locally deployed architecture significantly enhances institutional data control and
privacy protection. The findings provide a technically feasible and economically sustainable model
for universities and colleges seeking to implement large-scale virtual teaching assistants with
minimal operational costs.

Keywords: digital transformation, LMS management, RAG chatbot, economic efficiency.
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