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Muc dich: Nghién citu ndy nham thiét ké va phat trién mot phan mém web tric nghiém
thich nghi nang luc thi sinh (CAT) phuc vu cho sinh vién nam thi nhit tai Dai hoc Y Duoc
Thanh phé H6 Chi Minh. Noi dung chinh tap trung vao viéc phat trién thuat toan hé thong CAT.

Phwong phap: Nguyén tic thiét ké thuat toan hé thong dua trén co s tich hop mé hinh
do luong va phén tich Rasch vao tric nghiém thich nghi ning lyc thi sinh trén may tinh, va st
dung ngbn ngtt lap trinh PHP va co s¢ dir liéu MySQL. Trong nghién cttu nay, chung t6i mo ta
nhiing nguyén tic chi chdt va mot sé md phong duge dung dé xay dung va danh gia thuat toan,
d6ng thoi phat hién cac han ché cua thuat toan va xac dinh cach giai quyét.

Két qua: Bai kiém tra tric nghiém thich nghi ning lyc thi sinh da dugc chitng minh 1a
nho gon va chinh xac hon so vai phién ban khéng thich nghi. Théng qua mé phong, cac tham
s6 ¢6 thé duoc diéu chinh dya trén muc tiéu va ngan hang cau hoi thi. Bén canh do, mot s két
qua cua Viéc trién khai CAT cho sinh vién y khoa nam thtr nhat ciing duoc cung cip.

Két luan: Két qua nghién cau cho thay tng dung CAT hoat dong hiéu qua theo dang
thiét ké. Tuy nhién, thuat toan van con mot s6 han ché nhu phuong phéap ude lugng cé do chinh
xé4c chua cao, ngan hang cau hoi ¢& nho va ty & boc 16 cao cho mot sé cau hoi cu thé. Vi vay,
can nang cao thuat toan dé cai thién viéc bao mat ngan hang cau hoi.

Tir khéa: tric nghiém thich nghi nang lyc thi sinh, mé hinh do ludng Rasch, mé phong,
phan mém mang.

ABSTRACT

DESIGNING A WEB APPLICATION FOR COMPUTERIZED ADAPTIVE TESTING
IN BASIC SCIENCES EDUCATION IN UNIVERSITY OF MEDICINE AND PHARMACY
AT HO CHI MINH UNIVERSITY

Purpose: This study is to create and execute a web-based tool for computerized adaptive
testing (CAT) specifically tailored for first-year students at University of Medicine and
Pharmacy at Ho Chi Minh City, focus on developing the CAT system algorithm.

Methods: The designing principle lies in incorporating Rasch measurement and analysis
into an adaptive testing software that employs the programming language PHP with MySQL
database. In this study, we describe the core principles of the algorithm and the simulations
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conducted to construct and evaluate it, while also identify any limitations of the CAT algorithm
and to suggest ways to improve it.

Results: The computerized adaptive test was shown to be leaner and more accurate than
the non-adaptive one. Through simulations, we were able to fine-tune certain parameters based
on our goals and the item bank. Additionally, some results of CAT implementing for first-year
medical students were provided.

Conclusion: The findings show that the CAT web app performs effectively as intended.
However, there are certain limitations in the algorithm such as the estimation method, a limited
item bank, and a high exposure rate for certain items. So it is necessary to enhance the algorithm
in order to improve the item bank security.

Keywords: computerized adaptive tests, Rasch measurement model, simulation, web
application

|. PAT VAN PE

Bai kiém tra tric nghiém danh gia nang lyc voi d6 dai ¢é dinh tuy 13 hinh thic tric nghiém
rat pho bién nhung c6 mot sé khuyét diém. Chang han nhu, sé cau hoi tric nghiém trong bai
kiém tra phai 16n va thoi gian 1am bai thudng dai. Pé kiém tra thudng chira nhitng cau hoi qua
kho hodc qué d&. Biéu nay khdng phi hop véi mot sb yéu cau bai kiém tra, nhu kiém tra danh
gia nang luc cia hoc vién trude khda hoc. Pong thoi sai s6 diém sb danh gia ciing khong dong
déu giira cac thi sinh3°. Hinh thice thi trac nghiém hién nay ciing thuong 4p dung nhitng bo cau
hoi tuong ty cdu triic va ndi dung cho toan bo cac thi sinh du thi cung ky thi. Diéu nay cé thé
tao diéu kién cho thi sinh trao d6i dap an v&i nhau, dic biét khi thi truc tuyén khdng tap trung
thi sinh tai phong thi. Phuong phap trac nghiém thich nghi trén mdy tinh c6 thé giai quyét cac
khuyét diém cua trac nghiém cb dinh.48. Khéc véi trac nghiém cb dinh, trac nghiém thich nghi
bat dau tir mot cau hoi cé do kho trung binh. Néu tra 10i ding, thi sinh s& nhan cau hoi c6 do
khd cao hon. Néu tra 1oi sai, thi sinh s& nhan cau hoi c6 d6 kho thap hon. Sau mdi lan tra 10i,
nang lyuc thi sinh dugce ude lwong clng véi sai sb tiéu chuan, qua trinh 13p tiép tuc cho dén khi
nang lyc thi sinh dugc wdc tinh di chinh xac.128 Nghién ciu nay nham thiét ké va phat trién
phét trién thuat toan hé thdng UMPCAT, mot phdn mém web tric nghiém thich nghi ning luc
thi sinh, phuc vu cho sinh vién ndm thir nhat tai Pai hoc Y Duoc Thanh phé H6 Chi Minh.

I1. POI TUQNG VA PHUONG PHAP NGHIEN CUU

1. M6 ta cat ngang: Thuc nghiém tham do tinh gia tri chia UMPCAT, dya trén mot bai
trac nghiém thich nghi trén tap hop 654 cau hoi di chuan do theo do ludng Rasch, véi mau
tién loi gém 99 sinh vién khoa Y khoa 2021, danh gid nang lyc dau vao mén Tin hoc.

2. Céc thanh phan cia UMPCAT:

Thanh phan phan mém Théng tin
Ngbn ngi¥ 1&p trinh PHP
Co sé& dir liéu MySQL
M hinh do lvdng Lwdng phan Rasch, str dung mot tham sb do kho logit.
Ngan hang cau hoi Mbén Tin hoc, 654 cau, da chuan do logit theo Rasch.
Cau hoi khai dau Tap con cla tap cac cau hdi cé dd khé gan mic 0 = 0 logit




Thanh phan phan mém
Quy tac chon cau hoi
Phwong phap lvgng gia
Quy tac dirng thuat toan

Thoéng tin
Fisher maximum information.
Maximum likelihood
4 quy tac: do chinh xac; sd cau héi dwoc dung; thei gian 1am
bai; budc dirng.

Quy tac dirng thuat toan N6i dung
Quy téc 1 Do chinh xac wéc lwong dat yéu cau
Quy tac 2 Sé cau hdi vwot qua sb cau thiét lap
Quy tac 3 Thoi gian lam bai vwot qua thdi gian thiét lap
Quy tac 4 Bat budc dirng thuat toan:
(1) Thi sinh tra 16 dung hodc sai tat ca cau hoi
Hodac (2) Toan bd cau haéi trong ngan hang da dwogc dung

3. Céu hinh may tinh chay UMPCAT: CPU Intel Core i5/i7, AMD Ryzen 5/7; RAM
16GB; hé diéu hanh Window 10, dung lwong bd nhd SSD tréng 250 GB, trinh duyét Chrome.

4. Quy trinh thuc nghiém:

Bwéc Hoat déng Diéu kién
1 Phan ctrng, phan mém mang. | Phong may 5, Nha E,Pai hoc Y Dwoc TPHCM
Dia diém, thoi gian, nguoi B4t dau khéa hoc mén Tin hoc, thang 11 ndm
tham gia. 2021. Sinh vién Y 2021, t6 25 — 48.
2 Nap cau hdi kiém tra vao Tap hop 654 cau héi trdc nghiém. Dang cau hoi
UMPCAT. lwdng phan dung — sai v&i 4 lwa chon.
3 Dinh tham sb thich nghi vao
UMPCAT:
- Tham sé cau héi - Ma cau hai, do kho logit, dap an.
- Tham sb d& kiém tra - Sb cau hai gi¢i han, do chinh xac wéc luvong.
- Do khé cau hdi dau - Ngau nhién trong khoang -0,8 — 0,8 logit.
4 Chay phan mém UMPCAT. Két n6i phan mang 6n dinh.
5 Ra soat qua han tham sb dé. Phat hién trwdng hop can kiém tra lai.
5 Thu thap di liéu lam bai. Trich xuat bd nhé véi quyén hé théng cép 2.
6 Phan tich di¥ liéu va bao cao. Nhém nghién cru BPo lwvdng Gido duc hoc.

Dé xac dinh tham sé dé kiém tra, bai kiém tra gia lap dwoc mo phong trén phan mém
UMPCAT va tinh toan dua vao mé hinh Rasch. S6 thi sinh gia 1ap 1a 500, mrc ning luc phan
b6 ngu nhién tir -1,5 dén 2,5 dya vao kinh nghiém khao thi, cau héi khéi dau c6 do khé 0,5
logit. UMPCAT xuat cau hoi ké tiép dua trén két qua tra 10i trudc d6 ciia thi sinh. Kha ning tra
101 ding m&i cau hoi ctia mdi thi sinh gia lap duoc tinh toan theo mé hinh Rasch, dugc quyét
dinh dung sai dua vao ngudng phan biét 0,5. Thir nghiém duoc ldp 1000 lan. Két qua mo phong
cho thdy cau héi trung binh 13 45 va SE = 0,3.
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Ngan hang cau hoi

0 nong

Co

Chon cau hdi

Udc lvong

mirc nang hrc

Chon cau héi
tiép theo

Hinh 1. Quy trinh thye hién trich xudt ngdn hang dé va chi dinh cdu héi kiém tra.

I11. KET QUA NGHIEN CUU

Bdng 1. D kho logit cau hoi trong ngdn hang cau hoi thir nghiém mon Tin hoc 654 cau

Tham sé Trung binh Min Max Trung vi Shapiro P
(BLC) (Q25-Q75) Wilk
P6 kho logit -0,0909 -5,881 4,950 -0,1591 0,993 0,006
ciia cau hoi (1,4541) (-1,041 ; 0,803)

Nhén xét: Do kho logit cau hoi co phan phdi dbi xtimg kha rd va nhon so véi phan phéi chuén.

Béang 2. Mirc ning luc thi sinh, d¢ dai bai thi va thoi gian 1am bai

Bién so Chung Nam Nir P
(n=99) (n=62) (n=137)

Nang luc thi sinh, (logit)

Trung binh + PLC -0,743 £ 1,002 -0,766 £1,081 | -0,704 +0,865 | 0,769a
S6 cau hoi duoc ding

Trung binh + BPLC 44,68 £ 4,96 44,80 £ 5,40 44,60 + 4,3 0,606b
Thoi gian lam bai(phut)

Trung binh = BDLC 28,8 8,7 28,00 + 8,8 30,1+8,6 0,236a




& Kiém dinh Student, biéu dién sé liéu voi trung binh * do léch chudn

b Kiém dinh Mann-Whitney, biéu dién s6 liéu voi trung binh + do léch chudn

Nhdn xét: Nang luc thi sinh c6 phan phéi chuan, pham vi gié tri tir -3,5 dén 1,4 logit. SO
céu hoi duoc sir dung tir 20 dén 58 cau, trung binh 13 45 cau. Thoi gian 1am bai c6 phan phéi
chuén, trung binh 1a 28,7 phut, thoi gian ngan nhét 13 9,7 phiit va dai nhat 1a 50 phut. Giita hai

nhom gi6i tinh khong c6 khac biét co ¥ nghia théng ké.

Bang 3. Ly do dirng thuit toan theo nhom gidi tinh

Thi sinh Ly do dtrng thuat toan p
Chung P chinh xac |Qua sé cau Qua thei gian
N, n(%) 37 (37,4) 31 (83,8) 0 (0) 6 (16,2)
Nam, n(%) 62 (62,6) 54 (87,1) 2(3,2) 6 (9,7) 0,438
Chung, n(%) 99 (100) 85 (85,9) 2 (2,0) 12 (12,1)
KTC95% 77,7-91,4 06-71 7,1-20,0

Kiém dinh Fisher Exact, biéu dién sé liéu bc%ng tan so (ty lé)

Nhin xét: Ty 1¢ dimg thuat toan khéac biét khong c6 ¥ nghia thong ké gitta hai nhom gidi
tinh. Ty 1¢ dimg thuét toan do dat d chinh xéc can thiét dat gan 86%. Khac biét giira nam va
nit do qué thoi gian khong c6 ¥ nghia thong ké (p = 0,340). Hai thi sinh qua s6 cau do nguyén
nhan tam ly, lam sai toan bg hoac phﬁn 16n cac cau co6 do kho thép hon murc nang luc. Két qua
Jam bai 1an sau 6 = -3,314, SE = 0,305 va 6 = 1,695, SE = 0,305.

Biéu @6 1. Qua trinh tric nghi¢m thich nghi ning lyc thi sinh véi UMPCAT
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Biéu d6 minh hoa mét dién hinh cua dién trinh u6c luong mirc nang luc thi sinh cta ph'?ln
mém UMPCAT, két qua trich xuat tir dit liéu ctia mot sinh vién c6 muc nang lyc trén trung
binh. Mirc ning lyc thi sinh duoc wéc luong bang do kho logit ctia cdu hoi cudi cing trong diy
cau hoi. Hai cau hoi khoi dau c6 do kho logit tring 1p va sai s6 udc luong nang lyc thi sinh
kha 16n. Trong 5 cdu hoi dau, sai s6 wéc lwong ning luc kha 16n va muc do giam sai sé twong
ddi nho.

IV. BAN LUAN

Mo hinh Rasch c6 nhirng dic diém pht hop v6i viée thiét ké va phat trién tng dung tric
nghiém thich nghi CAT vi mét s 1y do sau. Pay 1a mé hinh do luong manh dong thoi tuong
d6i don gian dé trién khai trong phan mém may tinh.” Md hinh Rasch ciing gitip hiéu chuan cac
c4u hoi kiém tra theo mot thang do logit chung, ké ca khi ngan hang cau hoi duoc cap nhat lién
tuc. Piéu nay gitip dé dang chon céac cau hoi tric nghiém phu hop véi muc ning luc thi sinh, dé

hiéu chinh va t6i wu héa hiéu suét thuat toan.>®



Két qua nghién ciru cho thdy so véi bai thi tric nghiém khong thich nghi, thoi gian thi
giam di trung binh 20 phut va két qua luong gia c6 do chinh xac cao hon véi SE 14 0,3 va 40 —
60 cau hoi. Mot bai thi khong thich nghi thong thudng gdm 120 cau hoi thuong co SE khoang
tir 0,5 dén 0,7. Bai kiém tra thich nghi khong cd hoic rt it nhitng cdu hoi qua kho hodc qua dé
dbi v6i timg ca nhan, vi vay rat it truong hop cing thang tim 1y, mot yéu t6 gdy nhiéu khi do
luong nang lyc thuc hién cong viée da dugc day.

Nghién ctru chi ra mot sb han ché cua thuét toan va dir liéu cau hoi thi anh huong dén
chét luong danh gi nang luc thi sinh. Thir nhit, sai s6 wdc lvgng nhitng cau dau kha 16n, diéu
nay co thé dé dang 1am cho chon lya cau hoi ké tiép bi 1éch hodc 1ap lai. Sai s6 16n dan dén kha
ning cao la thuat toan chon lwa ciu hoi ké tiép trong khoang logit 1an can, mat khac thuat toan
chi Iira chon trong d6 cau hoi c6 muc thong tin cao nhat. Pay 1a nguyén nhan ty 18 boc 16 cao &
mét sb cau da duoc ghi nhan. Thir hai, ngan hang cau héi con han ché va phé phan bd d6 kho
logit con chd hong dan dén kha nang thi sinh c6 thé nhan dugc nhiéu lan ciing mot cau héi. Thir
ba, c6 mot s6 cau hoi co tan suit duge chon cao hon nhitng cau hoi khac. Nhimng diém yéu nay
c6 thé bi dé dang loi dung lam gidm tinh bdo mat cia ngan hang cau hdi, hodc lam dé thi vo

hiéu®.
V.KET LUAN

Phan mém UMPCAT gép phan déng ké nang cao chat lwong khao thi. Tuy nhién can cai
thién thuat todn dé nang cao tinh bao mat ctia ngan hang cau hoi, giam ty 1& hién thi mot sb cau

hoi nhét dinh, nang cao do chinh xac udc luong, ting s lugng trong ngan hang cau hoi.
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