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Abstract: This study proposes an approach that integrates hidden
Markov model and self-regulated learning theory to infer the latent
states of digital competence among pre-service teachers based on
behavioral data collected from a learning management system. Data
were gathered from two distinct 15-week courses: “Introduction
to Informatics” (216 students, 498,050 events) and “Application of
Information Technology in Teaching” (51 students, 16,878 events). The
results demonstrate that Hidden Markov Models effectively identified
distinct latent learning states, which were meaningfully interpreted
as different levels of digital competence through the lens of the three-
phase self-regulated learning framework. This research contributes
both methodologically, by introducing an integrated hidden Markov
model - self-regulated learning analytical pipeline; and practically, by
providing an objective, continuous, and behavior-based assessment tool
for evaluating competence in higher education.

Keywords: Digital competence, hidden Markov model, self-requlated learning,
learning analytics, learning management system, competence assessment.
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1. Dit van dé

Tém tat: Nghién ctru nay dé xudt mot phwong phap tiép can két hop
gitta mo6 hinh Markov an va Li thuyét hoc tap tu diéu chinh d€ suy luan
trang théi ndng luc s ctia sinh vién su pham duya trén dit liéu hanh vi
thu thap tie Hé thong Quan i hoc tdp Moodle (LMS). Dt liéu duoc thu
thap tir hai hoc phan: “Tin hoc dai cwong” (216 sinh vién, 498.050 sw
kién) va ”Ung dung Cong nghé thong tin trong day hoc” (51 sinh vién,
16.878 sy kién) trong 15 tuan. K&t qua cho thdy, mé hinh Markov an c¢6
kha néng phén biét cac trang thai hoc tap tiém an khac biét, twong tng
v6i cdc mure d6 nang luc s6 khac nhau, duoc dién giai thong qua lang
kinh cac giai doan hoc tap tu diéu chinh. Nghién cttu déng gop ca vé
phuong phap luén (tich hop mé hinh Markov 4n - hoc tap tu diéu chinh)
va thuec tién (cung cap mot cong cu danh gia khach quan, lién tuc dua
trén di liéu hanh vi) cho linh viec danh gia nang lwc s6 trong gido duc
dai hoc.

Tw khoa: Ning liee s6, mé hinh Markov dn, hoc tdp tw diéu chinh, phin tich
hoc tdp, hé thong quan li hoc tdp, dinh gid ning liec.

cdp cau trac thanh phan va mtc do thanh thuc dé

Nang luc s6 khong chi don thuan la ki nang st quy chiéu danh gid, thiét k& hoc tap va bdi dudng
dung cong nghé ma la mét tap hop tich hop ciakién  nang luc (Carretero va cong sy, 2017; Vuorikari va
thtc, Ki ndng va thai do cho phép ca nhan st dung cong sy, 2022). O Viet Nam, dinh huéng thtc day
cong nghé s6 mot cach tu tin, c6 phé phan vacé trach  danh gid - phat trién ndng lyc s6 trong gido duc da

nhiém. Céac khung ning lyc s6 nhu DigComp cung  dugc néu rd (MOET, 2025). Mot s6 nghién ctru da dé
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xudt khung/thang do va khao séat hién trang nang
luc s6 & nguodi hoc (Lé Anh Vinh va cong su, 2021; Le
Thai va cong sy, 2022) nhung phan 16n dua trén tu
bao cao nén dé chiu anh hudng cta thién léch nhan
thtic va mong muén cta xa hoi, do d6 chua phan anh
day dd hanh vi hoc tap thuc t€ trong moi truong s
(Sillat va cong su, 2021).

Céc nghién ctu gan day da kham pha tiém nang
cta hoc mdy trong nghién ctru hanh vi hoc tap theo
thoi gian. Cac mo hinh phan tich chudi thoi gian néi
lén nhu mot giai phap day hira hen dé mo hinh hoa
tién trinh hoc tap (Baker va Yacef, 2009; Siemens va
Baker, 2012). Trong d6, md hinh Markov an (Hidden
Markov Model) t6 ra phtt hop dé mo hinh héa céc
trang thai 4n (nhu sy tién bd vé nang luc) dua trén
cac quan sat 1a chudi hanh vi tuong téc trén LMS
(Xing va Du, 2019). Uu diém ctia md hinh Markov
an 1a kha ndng ndm b4t tinh tuan tu va sy tién trién
theo thoi gian ctia hanh vi, déng thoi cung cdp mot
mo hinh c6 thé dién gidi duoc so véi cac mo hinh
“hop den” phtc tap (Rabiner, 1989). Tuy nhién, viéc
dién gidi y nghia su pham cta céc trang thai an nay
van la mot thach thic 16n.

Li thuyét Hoc tap tu diéu chinh (Self-Regulated
Learning theory) cung cap mot khung 1i thuyét viing
chédc dé hiéu cach nguoi hoc chi dong diéu khién
qua trinh hoc tap ctia minh thong qua ba giai doan
chinh: 1) Binh huéng va dat muc tiéu (Forethought);
2) Thuc hién va kiém soat trong khi thuc hién nhiém
vu (Performance); 3) Panh gid va phan dnh sau khi
hoan thanh (Self-Reflection) (Zimmerman, 2002;
Pintrich, 2004). Cac hanh vi trén LMS (nhu xem tai
liéu sém, nop bai ding han, tham gia thao luén, xem
lai phan hoi) c6 thé duoc xem la nhitng biéu hién
khach quan, c6 thé dién giai duoc bing cac chién
luoc hoc tap tu diéu chinh (Winne, 2014; Matcha va
cdng sy, 2019).

Nghién ctru nay dé xuat mot khung dién giai tich
hop, st dung 1i thuyét hoc tap tu diéu chinh dé két
noi céc trang thai 4an do mo6 hinh Markov an phat
hién véi céc chién luoc hoc tap cu thé, tir d6 suy luan
vé muc d6 ndng luc s6 cua sinh vién su pham thong
qua quy chiéu DigComp. Cu thé, nghién ctru nay
thuc hién: 1) Chuéan hoa log su kién thanh 10 nhoém
hanh vi theo chtic ndng LMS; 2) Huén luyén va lua
chon m6 hinh Markov an theo tiéu chi thong tin; 3)
Mo ta dac trung phat xa, quy dao Chuyén dich va do
on dinh ctia cac trang thai; 4) Dién giai su pham theo
1i thuyét hoc tap tu diéu chinh, lién hé v6i cac cdu
phan ndng luc s6 cua DigComp. Nghién ctru ki vong
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doéng gop duoc thudce do bé tro, khach quan dya trén
hanh vi cho danh gia ndng luc so, dong thoi goi y
thiét k& can thiép nham kéo dai luu tra & cac trang
thai hoc tap “tich cuc” cta sinh vién su pham trong
boi canh dao tao gido vién tai Viét Nam.

2. Phuong phap nghién cttu

2.1. Béi cdnh va thiét ké nghién citu

Nghién cttu stt dung phuong phap hoén hop, két
hop phén tich dinh luong di liéu log LMS va dién
giai dinh tinh céc trang thai 4n dua trén khung li
thuyét hoc tap tu diéu chinh. Dt liéu dugc thu thap
thu dong tir hé thong LMS cua Truong Pai hoc Su
pham Ha Noi trong hoc ki 1 ndam hoc 2024 -2025
ttr hai hoc phan bit budc: 1) “Tin hoc dai cuong”
1a hoc phan nén tang vé cong nghé thong tin (ma
THUD_5828, 216 sinh vién, 498.050 su kién); 2) ”Ung
dung CNTT trong day hoc” 1a hoc phan nghiép vu
tap trung vao tich hop cong nghé vao phuong phap
giang day (ma UDCNTT_5787, 51 sinh vién, 16.878
su kién). Ca hai hoc phan déu kéo dai 15 tuan. Toan
bd hoat dong ctia sinh vién khi tham gia hoc hai hoc
phan trén hé thong LMS duoc tu dong ghi lai vao
nhat ki cta hé théng (Log system). Qua trinh thu
thap dit liéu tuan thu nguyén tic t6i thiéu xam pham
va dam bao an danh danh tinh nguoi hoc.

Khung nghién ctu téng thé da dugc xay dung
nhu tai Hinh 1, trong d6 cac khung 1i thuyét vé hoc
tap tu diéu chinh va ndng luc s6 duoc van dung lam li
thuyét nén trong suét cac budc ctia nghién cau, giap
lam rd moéi tuong quan gitta dir liéu, phuong phap,
I giai va kiém ching két qua. Pau vao cua toan bo
luéng nghién ctru 1a b dit liéu tho vé hanh vi cta
ting su kién theo thoi gian (bao gdm céc thong tin:
user_id, course_id, timestamp, component, action/
eventname...) tir nhat ki hé thong cua LMS. Mot bo
tién xu 1i dit liéu va trich xuét ddc trung dir liéu duge
xay dung dé chuan héa dit liéu tir hang nghin sy kién
roi rac thanh céc tap quan sét 1a cac chudi hanh vi
mang y nghia su pham dua trén cac khung li thuyét
nén (nhu CONTENT_VIEW, QUIZ _ATTEMPT...),
lam dau vao cho viéc huén luyén mé hinh hoc may.
Tiép theo, md hinh hoc may dugc huén luyén voi
tap dar liéu da chuin héa nhim phat hién ra cac
trang thai an tir cac tap quan sat hanh vi. Viéc lya
chon mo hinh hoc mdy t6i uu nao (tir d6 cho biét s6
luong trang thai 4n ctia cac quan sat) duge danh gia
dua trén két hop céc tiéu chi: 1) Tiéu chi thong tin
thong ké AIC (Akaike Information Criterion) va BIC
(Bayesian Information Criterion) dé tranh qua khop
dttliéu (Overfitting); 2) Tinh 6n dinh cta chudi trang



thai duoc giai ma béng thuat toan Viterbi; 3) Tinh
dién giadi dugc vé mit su pham dua trén 1i thuyét
nén. Cudi cting, dit liéu dau ra duoc trinh bay bang
dashboard béo cdo va cac khuyén céo tuong tng.
2.2. Tién xit li va trich xudt dic trung dir ligu
Trong linh vuc Phén tich hoc tap va Khai phé da
lieu gido duc, dix liéu vét hoc tap (learning traces) tir
LMS dugc cong nhan rong rai nhu mot nguodn dir liu
khéch quan, giau thong tin dé suy luan vé hanh vi va
chién lugc hoc tap cua ngudi hoc (Siemens va Baker,
2012). Tuy nhién, dir liéu log tho tor LMS thuong
1a céc su kién chi tiét, mtc do thap (Vi du: course_
viewed, assign_submitted), mang tinh roi rac, tao
nén mot tap dit liéu thua va gay kho khan cho dién
gidi tryc ti€p y nghia su pham cling nhu xay dung
cac md hinh du doan 6n dinh (Blikstein va Worsley,
2016). Dé giai quyét van dé nay, nghién ctu ké thira
cac phuong phép duge dé xuét trong linh vuc phan

Tién x{ ly va trich xuat déc trung

Comp, action,
target...-> event

" type x activity
Dt ligu
diuvao

Quy tac anh xa
hanh vi

Cimtflinw Chudi hanh vi

Nguyén Hoai Nam, Nguyén Ha Nam

tich hoc tap (Matcha va cong su, 2019) b?mg cach
téng hop va anh xa céc su kién tho thanh cac nhém
hanh vi c6 y nghia dua trén chtc nang hoc tap. Cach
ti€p can nay gitip gidm nhiéu dit liéu, cai thién do 6n
dinh thoéng ké khi mo6 hinh hoéa chudi thoi gian do
giam chiéu cta dir liéu dau vao, ting kha ning so
sanh va dién giai két qua. Dua trén cac nghién ctu
nén tang, ban d6 két ndi khai niém va thao tac hoa
thanh cac loai hanh vi c6 y nghia su pham dugc xay
dung. Cac hanh vi nay duoc sép xép theo cac pha
cta li thuyét hoc tap tu diéu chinh va thé hién nang
luc s6 thong qua cac déc trung c6 thé quan sat trén
hé thong LMS (xem Bang 1).

Doi voi hé théng Moodle, nghién ctu thuc
nghiém da ung ho viéc st dung cac nhém bién duoc
xac dinh duya trén tinh ndng cong cu (Vi du: dién dan,
tai nguyén, bai tap, bai kiém tra, phan hdi) lam don
vi phan tich c6t 16i va da duogc chting minh trong bai

Danh gia mé hinh

Hudn luyén mé hinh va suy luan két qua

EM/Baun-Welch;
Viterbi/FB; chon s6
state: BIC/AIC

Accuracy; Thoi gian suy
luan; M6 hinh t3i uu;
cross-course check

Trinh bay
két qua dau ra

Huan luyén mb hinh
Hidden Markov
model

Daura va irng
dung

- Dashboard hoc
phan/sinh vién

- Canh bao va goi

Panh gia va
kiém dinh

t5ng hop theo n —p — . A
tuadn (i U'dc lugng mirc yean tl’jlep
Dic trung tir HMM NS ':f"’ céo trang
o & 2 thai
B6 di liéu DI e ESR Chuin héa 10 SV-Hoc phin —
5 . hanh vi 2 » -
hanh vi LMS nhém theo tuan tuln 1..n —activity . i .
Ti lé lwu tri state; Phan loai NLS; Nhan
Content_view, Entropy‘(clluyé’n trang d'?? qua t"'”"h pl:at
. thai; SO lan chuyén trién NLS; Khuyén
quiz_attempt... 1 2 2 P
1&n/xudéng; B3 Iwu tri TB cdo/canh béo sém
- Khung Nang luc s6 (NLS)
- Khung Iy thuyét hoc tw diéu chinh (SRL)
Ly thuyét nén l

Hinh 1: Khung thiét ké nghién citu tong thé
Bang 1: Bdn do khdi ni¢m - thao tic hod (Hoc tdp tu dieu chinh x ning lyc s6 x Log Moodle)

Pha hoc tap

ty diéu chinh Dau vét log Moodle

Chi s6/dac trung minh hoa

Nhom ning luc s6

Pinhhuongva Thong tin va dor liéu; Xem dé cuong, tai nguyén dinh Tan suét xem tai liéu khoi dong; do

dat muc tiéu Giai quyét van dé. huéng, rubric. pht tai nguyeén; thoi diém truy cap
trude han.

Giam séat Giao ti€p va hop tdc; Theo doi thong bao, kiém tra tién  Khoang cach thoi gian phan héi dén

An toan va dao dtc s6.  d9, doc phéan héi. hanh dong; kiém tra tién do dinh ki.

Piéu chinh Sang tao ndi dung; Ung Lam quiz, ndp bai, stta bai, S0 vong sua bai; ti 1é dung han; thoi

dung cong cu so. workshop/peer grading. luong tac vu.

Tan sudt xem thong tin phan hoi;
thoi gian doc thong tin phan hoi.

Phan anh va
banh gia

Nang luc siéu nhéan
thuc s6 (metacognition)

Xem thong tin phan héi, xem “giai
thich dap an”, nhat ki hoc tap.
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toan phan tich tuong quan véi thanh tich, canh bao
som va mo hinh héa tién trinh hoc tap (Macfadyen
va Dawson, 2010). Tinh hop 1é cta phuong phap
phén loai theo chtc ndng con dugc cing c6 bdi cac
chuan dit lieu gido duc. Theo do, chuan IMS Caliper
1.2 dinh nghia cac “Ho so su kién” (Event profiles)
v6i cac kiéu su kién xoay quanh cac mién hoat dong
hoc tap chinh nhu Panh gia (Assessment), Bai tap
c6 thé giao (Assignable), Dién dan (Forum) va Diéu
huéng (Navigation) (IMS Global, 2022). Chuan xAPI
(Experience API) c6 ca phdp Tac nhan - Hanh vi -
Déi tuong va cac “Ho so” theo ngit canh dé chuan
héa cach mo6 ta hoat dong hoc tap (ADL, 2023). Ca
hai chuan nay cho thdy mot bang phan loai hanh vi
dua trén chiic nang hoat dong thay vi dua trén ma su
kién riéng 1é 1a can thiét dé cd may tinh va con nguoi
déu hiéu duoc y nghia. V& mat ki thuat, kién trac
Moodle Events API c6 logic tuong thich hoan toan
v6i tiép can trén. Mdi su kién trong Moodle duge mo
td nhu mot thong tin nguyén ta vé hanh dong da
xay ra va dugc dit tén theo mo-dun/chiic ndng cu
thé (Vi du: mod_forum/event/post_created, mod_

quiz/event/attempt_submitted) (Moodle, 2023).
Thiét k&€ nay ciing cho thay viéc 4nh xa truc ti€p cac
su kién thanh cac nhém hanh vi chtic nang la kha thi
va la co sé ki thuat cho viéc xay dung mo hinh chudi
thoi gian.

Tt ban d6 khai niém - thao tac hoa, két hop véi
céc su kién log theo chtic ndng cong cy, mét bo quy
tic anh xa céc truong dir liéu nhat ki tho (Component,
event name, action, target, objectTable...) thanh céc
loai hanh vi su pham da dugc xay dung dé gom hon
500,000 su kién tir hai hoc phan vao 10 nhém hanh vi
chinh (ki hiéu hmm_group10), bao phud toan bo céc
sur kién roi rac trong nhat ki Moodle, thé hién duoc
nhing hoat dong tiéu biéu ctia sinh vién (xem Bang 2).

Dé phu hop véi dau vao ctia md hinh Markov an,
dit liéu sau khi dugc anh xa dugc chuyén déi thanh
chudi quan sét tudn tu theo tuan. Vi méi tudn, nhom
hanh vi c6 tan suét cao nhat (vu thé) dugc chon lam
quan sat dai dién. Két qua 1a mot chudi gdm 15 ki
hiéu (mobi ki hiéu thudc mot trong 10 nhom hanh vi)
tuong tmg 15 tudn cho mbi sinh vién. Dé gidm thiéu

Bang 2: Quy tic dnh xa chi tiét nhom hanh vi chinh ciia sinh vién su pham trén LMS (hmm_group10)

Diéu kién anh xa

Nhém quan sat
(hmm_group10)

view X
(resource | url | page | file | book | course
grades) | course_nav (néu co)

CONTENT_VIEW
(Bao gdm ca
GRADES_VIEW)

Xemnoi dung/diéu huéng hoc phan (resource,
page, url, file, book, course, grades*)

attempt x quiz

QUIZ_ATTEMPT

Thuc hién bai kiém tra tric nghiém/ quiz (bét

dau/tién hanh)
attempt x INTERACTIVE_ Tuong tac ndi dung tuong tac (H5P/SCORM/
(h5p | scorm | lesson | 1ti | bigbluebutton) ATTEMPT Lesson/LTI/BigBlueButton...)

submit x ASSIGN_SUBMIT Nop/ cap nhat bai tadp/ workshop/
(assign | workshop | attendance | course) | attendance...

attendance submit (néu co)

submit x SURVEY_SUBMIT  Nop khdo sat/feedback/questionnaire/
(feedback | questionnaire | survey | choice) survey/choice

contribute x (wiki | glossary | database) COLLAB_ Dong gép vao cong cu cong tac (wiki, glossary,
CONTRIBUTE database)

forum_post x * FORUM_POST Tao thao luan/bai ddng trén dién dan

forum_read x *| view x forum FORUM_READ Doc/xem noi dung trén dién dan

chat_msg x chat| sync_join x (bbb | zoom...) SYNC_COMM Giao ti€p dong bo (tham gia chat...)

(néu co)

khéc/khong khép OTHER Khac (khong thudc cac nhom trén)
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su sai léch do chénh 1éch quy mo hoat dong gitta cac
ca nhan (Vi du: mot sinh vién hiéu dong so véi mot
sinh vién it hoat dong), hai chién lugc chuén hoéa da
duogc ap dung la: 1) Chuén héa theo tuin st dung
Z-score scaling trén 10 bién quan sét cta ting tuan
doc lap dé so sanh hanh vi gitra cac sinh vién trong
cting mot khoang thoi gian. 2) Chuan héa theo ca
nhan bdng cach tinh ti 1& phan trdm déng gép cla
mdi nhém hanh vi trong téng sd hoat dong cta
ting sinh vién xuyén sudt khoa hoc, gitp mo hinh
Markov an tap trung vao phong cach hanh vi va cac
mau chuyén tiép dic trung cta timg ca nhan hon la
vao cudng do hoat dong thuan tay, tir d6 lam ndi bat

Chuyén d6i dinh dang thai
gian su kién tir timestamp
sang dang ngay thang

Trich xu&t
dit ligu tr LMS

Loc chon 12 trwdng dir liéu
thiét yéu
(id,eventname,component,
action, target,objecttable,cr
ud,edulevel,contextlevel st
udent_id,courseid timecrea
ted)

Dir liéu tho Moodle
logstore_standard_log
(21 trwong dir lieu)

Nhém céc su kién r&i rac
theo modun chi¥ ning vao
trirng théng tin activity
(5 trurdng:
event_time,student_id,cou
rseid,event_type,activity)

Hinh 2: Tién xit Ii dit liéu

Bang 3: Anh xg hanh vi

Nho6ém hanh vi

Y nghia hanh vi

hon su tién trién nang luc noi tai cua sinh vién trong
qua trinh tham gia vao hoc phan. Toan b qué trinh
tién xtr 1i nay dugc mo ta cu thé tai & Hinh 2:

2.3. Anh xq 1j nghia sw pham giita hanh vi trén
LMS véi li thuyét hoc tdp tu diéu chinh va ning luc
s6

Dé dién giai y nghia cac trang thai &n do mo hinh

Markov an phét hién sau nay, nghién cGu nay xay
dung mot bang anh xa chi tiét gitta cac nhom hanh
vi trén LMS v6i cac pha hoc tap tu diéu chinh va céc
thanh phéan ndng luc s6 dua trén Khung DigComp
2.2 (xem Bang 3).

Dit liéu chudn héa

Bo dit liéu sau tign xir ly

(event_time,student_id,c

ourse_id,event_type,acti
vity, week_start,
hmm_group10)

Nap vao
dataframe

Pha hoc tap
tu diéu chinh
chu dao

\Y E

Ning luc s6 (DigComp) DigComp

CONTENT_ Truy cap, xem tai liéu hoc tap (PDF,  Forethought  1.1. Duyét, tim kiém va loc 1.1
VIEW video, trang web). (Pinh huéng  dit liéu, thong tin va noi
-Khéi dong) dungso

QUIZ_ NGO lyc trd 101 cau hoi trong bai quiz/  Performance  1.2. Panh gia dit liéu, thong 1.2
ATTEMPT kiém tra, thé hién viéc thuc hanh, tu ~ (Thuc hién)  tin va noi dung s6

kiém tra kién thtc.
ASSIGN_ Nop bai tap, du 4n. Hanh dong hoan ~ Performance  3.1. Phat trién noi dung s6 3.1
SUBMIT thanh mot sdn pham hoc tap. (Thuc hién)
GRADES_VIEW  Xem diém s6, phan hoi tr gidng vien.  Self- 4.2. Bdo vé dir liéu ca nhan 42,23

Hanh vi phan anh nhu cau theo ddi ~ Reflection va quyén riéng tu (xem

két qua va danh gid ban than. (Ty danh gia) thong tin ca nhan); 2.3.

Tham gia vao xa hoi thong
qua cong nghé s6 (nhan
phan héi).
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Pha hoc tap M
Nhoém hanh vi Y nghia hanh vi tu diéu chinh  Ning luc s6 (DigComp) ;
; DigComp
chu dao
FORUM_POST  Diang bai méi, trd 16i thao luan. Thé ~ Performance  3.1. Phat trién noi dung 31,23
hién sy tham gia tich cuc, dong géop ¥ (Thuc hién) s0; 2.3. Tham gia vao xa hoi
kién va xay dung cong déng hoc tap. thong qua cong nghé s6.
FORUM_READ  Doc bai ding trén dién dan. Hanh vi ~ Forethought ~ 1.1. Duyét, tim kiém va loc 1.1
ti€p nhan thong tin, quan sat va hoc (Pinh huéng) dit liéu, thong tin va noi
héi tir cong déng. dung s6.
SURVEY _ Phan hoi khdo sat. Thé hién sy tham  Self- 2.1. Giao tiép thong qua 21,53
SUBMIT gia dong gop y kién phan héi cho Reflection cong nghe s6; 5.3. Sang tao
khéa hoc. (Ty danh gia) va d6i méi vaoi cong nghé
6 (dong gbp y tudng cai
tién).
INTERACTIVE_  Tuong tac v6i cic hoat dong hoc tap ~ Performance  4.1. Giai quyét van dé ki 4.1,1.2
ATTEMPT tuong tac (H5P, simulation). Thé hién (Thuc hién) thuat; 1.2. Banh gia dit liéu,
su tham gia thuc hanh, kham pha. thong tin va ndi dung s6.
COLLAB_ Doéng gop vao tai liéu cong tac (Wiki, Performance 3.1. Phat trién noi dung 31,22,
CONTRIBUTE Google Docs). Thé hién nang luclam  (Thuc hién) s6;2.2. Chia sé thong tinva 2.4
viéc nhém va dong sang tao trong noi dung thong qua cong
moi truong so. nghe s6; 2.4. Cong tac thong
qua cong nghé so.
SYNC_COMM  Tham gia giao tiép dong bo (phong  Performance 2.1. Giao ti€p thong qua 21,24
hoc 4o, chat). Thé hién ndng luc giao  (Thuc hién) cong nghe so; 2.4. Cong tac
ti€p va tham gia truc tiép bang cong thong qua cong nghé so6.
nghé.
OTHERS Cac hanh vi chung chung, khé gén y

nghia SRL rd rang. Co thé 1a tin hiéu
ctia su tham gia thu dong hodc cac
hoat dong khong lién quan truc tiép
dén hoc tap.

2.4. Huén luyén moé hinh Markov dn

V6i mdi hoc phan, do tinh chat roi rac cta dir
liéu quan sat, mot md hinh Markov an véi gid dinh
phét xa da thtc doc 1ap dugc huan luyén dé mo hinh
héa chudi hanh vi chinh theo tudn nhdm suy luan ra
chubi cac trang thai ning luc s6 an cda sinh vién su
pham theo thoi gian. M6 hinh Markov 4n véi phat
xa da thtc trong nghién cttu nay la mot mo hinh gia
dinh réng, khi moét sinh vién su pham dang & trong
mot trang thai ndng lyc s6 4n nao d6 (Vi du: “Thuc
hién”), sinh vién d6 sé c6 mot xac suat nhat dinh dé
thuc hién moi loai hanh vi quan sat duoc (Vi du: xac
sudt thuc hién ASSIGN_SUBMIT la rat cao, trong
khi xac sudt FORUM_READ lai rat thap). Mo hinh sé
hoc cac xac suat nay tur dit liéu thuc té.

Mot mé hinh Markov 4n dugc xac dinh bai: 1)
S6 trang thai an (K), 2) Tap hop céc xac suat chuyén
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trang thai, 3) Xac sudt phat xa quan sat tir mdi trang
théi. Gia tri K t6i uu ¢ day 1a chua biét truée va can
duogc xac dinh dua trén d@ liéu. Do d6, mo hinh
Markov an dugc huan luyén véi s6 trang thai K 1an
luot thudc tap {2,3,4,5} trén dir liéu mdi hoc phan.
Pham vinay duoc lya chon dya trén co so: K=21a gia
tri t6i thiéu, phtt hop dé kiém tra gia thuyét vé su ton
tai ctia it nhat hai “ché d6” hoc tap co ban (thu dong/
chu dong hodc dinh huong/ thuc hién); K=3 dén K=5
c6 thé cho phép mo hinh bat duoc cac sic thai phtic
tap hon trong qua trinh hoc tap, c6 thé tuong tng
v6i cac giai doan chi tiét hon ctia khung 1i thuyét hoc
tap tu diéu chinh (Vi du: tach biét giai doan tu danh
gia); K>5 khong duoc xem xét dé tranh hién tuong
qua khép dit liéu va tao ra cac mo hinh qua phtc tap,
kho dién giai y nghia su pham cta timg trang thai.
Thuat toan ldp dé tim cuc dai ctia kha nang xay ra



xac xudt Baum - Welch dugc st dung dé uée luong
tham s6 cho timg mo hinh Markov an tmg v6i moi
K, v6i nhiéu 1an khdi tao ngau nhién (mo6i m6 hinh
cho mot gia tri K cu thé duoc huan luyén 50 1an) dé
tranh cuc tri dia phuong. Toan b qua trinh huan
luyén dugc thuc hién bz?mg thu vién hmmlearn trong
Python.

3. Két qua nghién ctru

3.1. Lua chon s6 trang thdi dn t6i wu

Pé lua chon md hinh Markov an t6i uu, cac tiéu
chi thong tin thong ké AIC va BIC da duoc st dung
dé danh gia cadc mo hinh véi s6 trang thai an (K) tir
2 dén 5. Trong d6, BIC dugc uvu tién do ¢6 xu huong
chon mo6 hinh don gian hon, giap tranh hién tuong
qua khop dir liéu. Két quéa & Bang 4 cho thdy, do6i voi
ca hai hoc phan, moé hinh vé6i 2 trang thai an (K=2) c6
gia tri BIC thap nhat, chi ra ring day 1a mo hinh phut
hop nhat voi dit liéu, can bé”mg duogc do phtc tap va
kha nang giai thich.

3.2. Dic trung hanh vi ctia trang thdi dn trong
tirng hoc phdn

Phan tich ma tran phét xa cia mo6 hinh Markov
an hai trang thai sé dién giadi y nghia su pham cta
ting trang thai, qua do6 cho thay hinh anh ning luc
s6 khac nhau cta sinh vién trong méi hoc phan.

béi voi hoe phan “Tin hoc dai cuong”, ma tran

Nguyén Hoai Nam, Nguyén Ha Nam

phét xa trang thai cho thay hai trang thai an duoc
phan cuc mot cach 10 rét (xem Hinh 3). Trang thai 1
duge dic trung bdi mue dd hoat dong rat cao & céc
hanh vi thuc thi cu thé. Gia tri trung binh c6 trong s&
ctia ASSIGN_SUBMIT (4.93) 1a cao vuot trdi, theo sau
la INTERACTIVE_ATTEMPT (2.52) va CONTENT_
VIEW (1.67). Biéu nay cho thdy sinh vién & trang
thai nay dang tap trung cao do vao viéc hoan thanh
va ndp céc san pham duoc yéu cau, tuong tng voi
pha “Thuc hién - Ty danh gia” ctua hoc tap tu diéu
chinh. Tuy nhién, hanh vi nop bai la hanh vi néi bat
cho thdy hoat dong nay mang tinh chat phan tng
theo mdéc/dén han hon 1a mot qua trinh chu dong.
Nguoc lai, trang thai 0 c6 muc hoat dong gan nhu
bang khong & tat ca hanh vi, biéu thi trang thai thu
dong hodc phu thudc vao tai liéu ngoai tuyén. Pay la
trang thai co ban hoat dong t6i thiéu, noi sinh vién c6
rat it tuong tac c6 thé do luong duoc trén LMS, cho
thdy c6 pha “Pinh huéng” rat han ché. Két qua nay
cho thdy mot mau hinh hoc tap ludng cuc, trong do
sinh vién hodc 1a dang “bat” ché do hoat dong cao do
dé hoan thanh mot nhiém vu cu thé, hodc la gan nhu
hoan toan “tit” trén moi truong s6. Mau hinh hoc tap
goi y su tham gia thién vé thuc thi hon la chuén bi ¢6
chu dich; ddu hiéu cua pha Performance/Reflection
ngan va thiéu Forethought theo 1i thuyét hoc tap tu
diéu chinh (Pintrich, 2004). Trang thai “Thuc hién”
& hoc phan li thuyét nay ciing phan anh moét dang

Bang 4: Gid tri BIC cua cic m6 hinh HMM theo so“tmng thai (K)

Hoc phan K=2 K=3 K=4 K=5
UDCNTT _5787 -35592.42 -35477.92 -35328.71 -35132.58
THUD_5828 -149364.23 -149293.75 -149085.18 -148861.21

5828: Trung binh hoat déng theo trang thai

CONTENT_VIEW
QUIZ_ATTEMPT
ACTIVE_ATTEMPT
ASSIGN_SUBMIT
SURVEY_SUBMIT 0.00
AB_CONTRIBUTE 0.00
FORUM_READ 0.00 0.00
FORUM_POST 0.00
SYNC_COMM 0.00

GRADES_VIEW 0.00

Trang thai

(Ghi chii: Gid tri BIC nhd nhat (t6t nhit) duoc in dam)

5828: Activity Profile per State (Radar Chart)

ASSIGN_SUBMIT INTERACTIVE_ATTEMPT

-4 == State 0

.= State 1

SURVEY_SUBMIT QUIZ_ATTEMPT

COLLAB_CONTRIBUTE CONTENT_VIEW

1 2 3 4 5

FORUM_READ GRADES_VIEW

FORUM_POST SYNC_COMM

Hinh 3: Ma trdn phdt xa trang thdi va biéu do hoat dong ciia sinh vién trong hoc phin “Tin hoc dai cuong” (ma

THUD_5828)
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5787: Trung binh hoat déng theo trang thai

CONTENT_VIEW
QUIZ_ATTEMPT
ACTIVE_ATTEMPT -
ASSIGN_SUBMIT
SURVEY_SUBMIT
AB_CONTRIBUTE
FORUM_READ
FORUM_POST
SYNC_COMM

GRADES_VIEW

0 1
Trang thai

5787: Activity Profile per State (Radar Chart)

ASSIGN_SUBMIT INTERACTIVE_ATTEMPT

-1.0 e State 0

e State 1

0.8 SURVEY_SUBMIT QUIZ_ATTEMPT

0.4 COLLAB_CONTRIBUTE CONTENT_VIEW

0962040608 1 1214

FORUM_READ GRADES_VIEW

FORUM_POST SYNC_COMM

Hinh 4: Ma trgn phdt xa trang thdi va biéu d6 hoat dong ciia sinh vién trong hoc phan hoc phin “Ung dung cong nghé

thong tin trong day hoc” (ma UDCNTT_5787)

nang luc so thu tuc thé hién & kha ning st dung cac
cong cu s dé hoan thanh mot nhiém vu da duoc xéac
dinh r6 rang (Vi du: tai lén mot tép).

D&i véi hoc phan “Ung dung cong nghé thong tin
trong day hoc”, cac trang thai 4n ciing cho thdy su
khac biét, nhung theo mot chiéu huong khéac (xem
Hinh 4). Trang théi 0 trong hoc phan nay 1a trang thai
tich cuc, duoc ddc trung boi mic do hoat dong tich
cuc ddng thoi & nhiéu loai hanh vi: INTERACTIVE_
ATTEMPT (1.29), ASSIGN_SUBMIT (0.85) va
CONTENT_VIEW (0.34). Su két hop gitta viéc xem
tai liéu (lién quan dén pha “Pinh hudng - Khoi
dong”), tuong tac v6i ndi dung thuc hanh va nop bai
(liéen quan dén pha “Thuc hién - Ty danh gia”) cho
thay mot cach tiép can chti dong va can bang hon.
Trang théi 1 & hoc phan nay tuong tu nhu trang thai
nén & hoc phan “Tin hoc dai cuong”, duoc déc trung
bdi cac gia tri am trén cac hoat dong chinh, cho thay
nhiing giai doan it tuong tac trén LMS. Cau hinh nay
ham y mot chu trinh hoc tap tu diéu chinh lién mach
hon (khoi dong - thuc thi - ty danh gia) so véi hoc
phan trén (Pintrich, 2004). Trang thai “tich cuc” cling
phan dnh mot ndng luc so6 tich hop hon, trong d6
nang luc s6 dugc phét trién khong chi giéi han & viéc
hoan thanh nhiém vy ma con bao géom ca viéc kham
phé va thuc hanh. Cach ti€p can nay phu hgp hon
v6i tam nhin toan dién cta cac khung nang luc nhu
DigComp, vén nhan manh viéc st dung cong nghé
mot cach sang tao va c6 phé phan. Piéu nay cung c6
quan diém ring, hoc tap tu diéu chinh khong phai
la mot ki nang don 1é ma la mot qua trinh 1dp di 1ap
lai. So sénh hai hoc phan cho thdy moé hinh Markov
an trong nghién ctu nay thé biéu hién duoc cac qua
trinh hoc tap khac nhau va doi khi khong hoan chinh
trong cac boi canh hoc tap khéc nhau.

Cac biéu db radar kém theo cing cd cac nhan
dinh: trong s6 quan sat duogc chuan hoa theo ting
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nhom hanh vi, giap déi chiéu truc quan mue d6 troi/
yéu ctia mdi nhém trong ting trang thai dé dién giai
su pham nhat quan gitra hai hoc phan (xem Hinh 3
va Hinh 4).

3.3. Phan tich dong lyc chuyén dich trang thdi

Phan tich ma tran chuyén trang thai va thoi gian
luu trung binh trong mbi trang thai cho thay nhiing
dong luc hoc tap hoan toan khéc biét gitta hai hoc
phan (xem Hinh 5).

Pong luc hoc tap trong hoc phan “Tin hoc dai
cuong” nay cho thay trang thai “Dinh huéng - Khoi
dong” - hoat dong t6i thiéu (Trang thai 0) c6 tinh bén
vitng cuc cao (xem Hinh 5). Mot sinh vién 6 trang thai
nay co xac sudt 1én toi 99% sé ti€p tuc § lai trang thai
d6 trong tuan ti€p theo. Trang thai nay hoat dong
nhu mot “diém hat” manh mé. Nguoc lai, trang thai
“Thuyc hién - Ty danh gia” (Trang thai 1) rat tam thoi.
Mot khi sinh vién chuyén sang trang thai hoat dong
nay, xac sudt sé quay trd lai trang thai t6i thiéu ngay
trong tuan sau la 64%. Biéu d6 vé thoi gian luu trung
binh cting c6 nhéan dinh nay khi sinh vién danh trung
binh 9.97 tudn & trang théi t6i thiéu nhung chi 1.67
tuan ¢ trang thai hoat dong. Pay la moét quy dao hoc
tap ddc trung boi su tudn thu theo thoi han ctia nhiém
vy, hoat dong hoc tap trong hoc phan nay mang tinh
chat “buing n6” theo méc thoi gian hon la mot qua
trinh tham gia lién tuc (xem Hinh 6).

bong luc hoc tap ¢ hoc phan ”Ung dung cong
nghé thong tin trong day hoc” hoan toan khac (xem
Hinh 6). Mdc du trang thai “Dinh hudéng - Khai
dong” - hoat dong thap (Trang thai 1) cing kha bén
viing (xac sudt 88% 0 lai), trang thai “Thuc hién - Tu
danh gia” - tham gia tich cuc (Trang thai 0) lai c6 do
6n dinh tuong d6i cao. Mot sinh vién dang tich cuc
c6 xéac sudt 62% sé tiép tuc tich cyc trong tuan tiép
theo. Thoi gian luu trung binh trong trang thai tich



5828: Ma tran chuyén trang thai

0.8
0.01

0.6

-0.4

Tirtrang thai i
mdi sinh vién

0.36

Trung binh s& lrgng tuin trén

-0.2

Dén trang thai j

Nguyén Hoai Nam, Nguyén Ha Nam

5828: Thai gian trung binh lwu trd trong mai trang théi cta tirng sinh vién

State

m
LI
0 3

Trang théi

Hinh 5: Ma trgn chuyén trang thdi va biéu do thoi gian luu trii trung binh trong mdi trang thdi ciia hoc phin “Tin

hoc dai cuong” (ma THUD_5828)

5787: Ma tran chuyén trang thai

Tirtrang thai i
o
w
Trung binh s& lugng tuan trén
méi sinh vién

Pén trang thai j

5787: Thavi gian trung binh lwu tri trong mdi trang théi cla tirng sinh vién

State

mo
I
1 0

Trang thai

Hinh 6: Ma trin chuyén trang thdi va biéu do thoi gian luu trii trung binh trong méi trang thdi cia hoc phan “Ung
dung cong nghé thong tin trong day hoc” (ma UDCNTT_5787)

cuc 1a 2.45 tuan, dai hon dang ké so vé6i hoc phan
kia. Diéu nay cho thdy mot quy dao hoc tap trong d6
sinh vién c6 su tham gia chu dong va c6 xu huéng
chuyén dich linh hoat gitra hai trang thai. Khi da vao
trang thai “Thuc hién”, sinh vién c6 xu huéng duy
tri khé bén viing, phan anh dung tinh chat thuc hanh
lién tuc ctia hoc phan, noi ma cac du én va bai tap
dugc phan bé déu dgn khién sinh vién gitt duoc nhip
do tham gia cao su6t hoc phan.

Su tuong phan nay cho thay hai quy dao hoc tap
vé co ban 1a khac nhau: Mot quy dao duoc thac dé’y
bdi su tuan thd phan tng va mét quy dao khac duoc
ddc trung boi sy tham gia chu dong va bén ving
hon. Su khac biét nay goi y mot mdi lién hé nhan
qua véi cau trac thiét ké su pham cta mdi hoc phan.
Pay ciing 1a mot diém c6t 16i va c6 ¥ nghia cao ctia
nghién cttu nay voi viéc phat hién ra vai tro quyét
dinh cta thiét k&€ su pham trong viéc dinh hinh cac
mau hanh vi tu diéu chinh dan dén hinh thanh céac
quy dao hoc tap cta sinh vién.

4. Két luan

Nghién ctu da chttng minh moét phuong phap
tiép can tich hop, két hgp mo6 hinh Markov an va
Li thuyét hoc tap tu diéu chinh dé suy luan trang
thai ndng luc s6 cua sinh vién su pham tir ddu vét
hoc tap trén LMS. Két qua chinh chi ra réng mé hinh
Markov an c6 thé xac dinh hiéu qua hai trang thai
hoc tap tiém an, duoc dién gidi mot cach c6 y nghia
la “Pinh huéng” va “Thuc hién - Ty giam sat” thong
qua lang kinh 1i thuyét hoc tap tu diéu chinh. Quan
trong hon, su tuong phan ro rét vé dong luc chuyén
dich trang thai gitra hai hoc phan da cho thdy thiét
ké su pham dong vai tro then chét trong viéc dinh
hinh quy dao phét trién nang luc s6. Diéu nay ciing
cho thay ning luc s6 khong phai 1a mot dic diém
c6 dinh, ma 1a moét trang thai ndng dong, chiu anh
hudng sau sdc béi bdi canh hoc tap. Do do, cac nd
luc nham cai thién ndng lyc s6 cta sinh vién su pham
phai tap trung vao viéc thiét ké cac trai nghiém hoc
tap tot hon, cting nhu viéc dao tao ki ning truc tiép.
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Vé mit li luén, nghién ctu déng gép mot khung
phuong phap ludn moi, két ndi gitta hoc may, li
thuyét gido duc va phan tich dit liéu hanh vi dé danh
gia mot nang luc phic hop nhu ndng lyc s6.

V& mit thuyc tién, nghién cttu cung cdp mot cong
cu khéach quan va ty dong hoa tiém ning cho viéc
chan doan va hd trg qua trinh phat trién nang luc
s0, tir d6 ho tro dua ra cac quyét dinh can thiép kip
thoi va phtt hop. So véi cac phuong phap danh gia
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