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Abstract: Computerized Adaptive Testing (CAT) is a form of assessment test which requires
fewer test questions to arrive at precise measurements of examinees' ability. One of the core
technical components in building a CAT is mathematical algorithms which estimate examinees’
ability and select the most appropriate test questions for the estimation. Mathematical algorithms
serve as a locomotive in operating the system of adaptive multiple-choice questions on computers.
This research aims to develop essential mathematical algorithms for a computerized system of
adaptive multiple-choice tests. A question bank of 500 multiple-choice questions standardized by
IRT theory with the difficulty level following the normal distribution satisfying Kolmogorov-
Smirnov test, to measure the mathematical ability of 10" graders is also built. The experimenting
of the question bank shows that it satisfies the requirements of a psychometric model and the
constructed mathematical algorithms meet the criteria for applying in computerized
adaptive testing.

Keywords: Computerized Adaptive Testing, ability measurement, mathematical ability, IRT.

* Corresponding author.
E-mail address: ggiang.nguyen@gmail.com

https://doi.org/10.25073/2588-1159/vnuer.4301
49


mailto:qgiang.nguyen@gmail.com

VNU Journal of Science: Education Research, Vol. 35, No. 4 (2019) 49-63

VNU Journal of Science: Education Research

Journal homepage: https://js.vnu.edu.vn/ER

Phat trién hé thong tric nghiém thich Gng trén may tinh:
Nghién ctru thtr nghi€ém danh gia nang lyc toan hoc
cua hoc sinh 16p 10

Lé Thai Hung', Tang Thi Thuy', Trdn Lan Anh®, Nguyén Tién Diing?,
Nguyén Phuong Anh?, Nguyén Thi Quynh Giang®

'Khoa Quan tri Chat lwong, Truong Pai hoc Gido duc, Pai hoc Quéc gia Ha Noi,
144 Xudn Thuy, Cau Gldy, Ha Noi, Viét Nam
Trwong Trung hoc phoé théng Khoa hoc Gido duc, Truong Dai hoc Gido duc,
Pai hoc Quoc gia Ha Noi, 144 Xudn Thuy, Cau Glay, Ha Noi, Viét Nam
Tong céng ty Dich vu s6 Viettel, S6 1 Giang Van Minh, Kim Ma, Ba Binh, Ha Ngi, Viét Nam

Nhén ngay 23 thang 9 nam 2019
Chinh stra ngay 12 thdng 10 nam 2019; Chap nhén ddng ngay 28 thang 10 nam 2019

Tém tit: Tric nghiém thich tmg trén may tlnh (Computerlzed Adaptlve Testing - CAT) 1a mét
hmh thirc kiém tra danh gia cho phép rat ngén sb luong cau h01 nhung van dam bao dd chinh xac
vé danh gia nang luc cua thi sinh. Mot trong nhiing phan ¢t 16i cia hé thdng tric nghiém thich
nghi 1a cac thuat toan udc luong nang luc thi sinh va lya chon cau héi. Cac thuat toan nay dong vai
trd quan trong trong qué trinh van hanh hé théng tric nghiém thich nghi trén may tinh. Nghién ctru
ndy s& phat trién cac thuat toan cdt 16i trong hé thdng tric nghiém thich nghi tir d6 1ap trinh hé
théng trac nghiém thich tmg. Nghién ctru ciing tién hanh x4y dung ngan hang gdm 500 cau hoi tric
nghiém thich tmg dugc chuin hod theo 1y thuyét IRT voi diéu kién do kho tuan theo phan phdi
chuén thoa man kiém dinh Kolmogorov-Smirnov, dé danh gia niang luc toan hoc cua hoc sinh 16p
10. Két qua van hanh thir nghiém véi hé thdng ngan hang cau hoi bude du cho thiy: bd cau hoi
xdy dung da dap tmg yéu cau mo hinh udc luwong nang luc va thuat toan cbt 161 dap tng dugc yéu
cau cua tric nghiém thich img.

Tir khéa: Trac nghiém thich ing trén may tinh, danh gi4 ning lyc, ning lyc toan hoc, IRT.

1. Mé dau

Tréc nghiém thich Gmg trén may tinh (CAT)
duoc pl}ét trién vao nam 1960 sau ’khi cod su
phat trién mo6 hinh Rasch va ly thuyét ung dap
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cau hoi [1], va duoc thr nghiém dau tién boi
ASVAB (Armed Services Vocational Aptitude
Battery) v6i bai kiém tra thich Gng vé nang luc
ca nhin. Tu ndm 1979 - 1996, Trung tam
Nghién ctru va Phat trién Nhan lyc Hai quan
(NPRDC) di phat trién, trién khai mé hinh danh
gia CAT-ASVAB trong viéc xay dung ngan
hang tric nghiém chuin héa quy mé 16n voi
ngudi dugc tuyén dung vao quan doi. Mot sb
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nha khoa hoc nhu Anh, Reckase [2]; Bejar va
Weiss [3] ... dd nghién ctru rat nhiéu cic bao
c40 vé md hmh danh gia CAT va mo hinh danh
gia truyén thong trén gidy la tuong dwong nhau
vé két qua phén tich. Trén thé gidi, dd c6 nhidu
nghién ctru cho thiy hiéu qua trong viéc st
dung CAT trong danh gia nguoi hoc. Mot sb ki
thi sit dung CAT: tric nghiém thich tng toan
hoc (CAT-Math) va doc (CAT-Reading); CAT
danh gia d§ thanh thao ngdn ngi: tiéng Tay
Ban Nha, tiéng A Rap va Trung Qudc thuc hién
boi Kenyon va Malabonga (2001) [4];
CATEnglish thir nghiém tai Thai Lan v6i da s6
sinh vién cta ho déu hai long véi bai kiém tra
va té ra thich thi véi hinh thirc CAT.

Mot trong nhitng uu thé cia CAT 1a ching
ta c6 thé to chirc danh gia dong thoi trén dién
rong voéi $6 luong 16n hoc sinh tham gia lam bai
trén hé théng may tinh dugc két ndi mang. Hon
nita, CAT cho phép phan tich cac chi sé vé
nang luc cua thi sinh ngay sau khi thi sinh tra
101 cau hoi va thdng tin vé ning luc cia hoc
sinh dugc cap nhat thuong xuyén trong qua
trinh 1am bai cho dén khi do dugc nang luc thuc
su cua ho. CAT khong nhitng gitp danh gia
chinh x4c ning lyc ma con dwa ra thong tin ddy
du va toan dién vé nang luc hoc sinh tai tung
thoi diém danh gia. Két qua nay 1a co s& quan
trong trién khai cdc mé hinh hoc tap thich tng,
day ciing 1a mot trong nhitng xu thé dugc quan
tam cta gido duc hién nay. Két qua danh gia
thich tmg cung tirng hoc sinh s& duoc cung cap
thong tin cho nguoi day trong sudt qua trinh
hoc tap dé nguoi day c6 thé dua ra nhiing quyét
dinh phu hop. Hé thdng tric nghiém thich tng
s€ giup nguoi hoc chi dong tham gia danh gid
va nhan duoc két qua tai timg thoi diém dé co
chién lugc hoc tap phu hop. Tai Viét Nam,
nghién ctru vé CAT chua phd bién, cac cong
trinh chtl yéu nghién ciru vé co so i luan va dua
ra khung li thuyét xdy dung tric nghiém thich
nghi trén may tinh ma chua xay dung dugc co
so dit liéu dé ding CAT danh gia nguoi hoc. Vi
vy, CAT ciing chua dugc dua ra dé st dung
rong rdi trong danh gia nang lyc nguoi hoc. Bai
b4o ndy tap trung trinh bay két qua nghién ciru
phat trién hé théng danh gia thich ung tir viéc
lya chon va phat trién thuat toan, xay dung hé¢

théng website, xay dung ngan hang 500 cau hoi
trac nghiém thich ttng moén Toén 16p 10 va thuc
nghiém de kiém nghiém lai mo hinh thuat toan.

2. Nguyén ly cia danh gia thich &ng

Tric nghiém thich ung, tiéng Anh goi 1a
“Adaptive Test” la thuat ngl dé chi mot
phuong phap danh gia thi sinh (hoc sinh, sinh
vién, bénh nhan, ...) bang hinh thirc kiém tra
trac nghiém v6i muc dich danh gia theo hudng
nang luc thong qua bo cau hoi tuong ng voi
mic ning lyc cua thi sinh. Hé théng Tric
nghiém thich ¢mg 1a mot hé théng phin mém
dugc phat trién trén co s6 mo hinh Tric nghiém
thich ing dé danh gia thi sinh. V& hoat dong, ta
¢6 thé hinh dung hé thong Tric nghiém thich
g ¢ ging bit chude phuong phap danh gia
ciia mot nguoi giao vién ddi véi hoc sinh. Cu
thé, 1an dau tién hé théng mac dinh nang luc
hoc sinh & chuan trung binh va cung cap cho thi
sinh mot cdu hoi kho trung binh. Néu thi sinh
tra 101 cau tra 161 mot cach chinh xac, thi sau do
mot cau hoi kho hon s& duogc dé nghi va néu
khong mot cau hoi c6 do kho thip hon duoc dé
nghi. Qua trinh nay nén duogc 1ap di lap lai cho
dén khi c6 du bang chimg dé xac dinh trinh d6
kién thuc cua thi sinh. Trong Tric nghiém thich
ung, qua trinh nady dugc thuc hién mdt cach tu
dong. Ban dau c6 thé tam thoi uée lugng mot
muc ndng lyc cua thi sinh, sau khi dat ra mot
cau héi va thi sinh tra 161. Mot udc lugng méi
vé nang luc cua thi sinh s& dugc tinh toan lai.
Véi uée tinh ndy, cau hoi ké tiép s& duge chon
mét cach chinh xac hon. Ta c6 thé xem Tric
nghiém thich rng nhu 1a mot thuat toan lap voi
thong s6 dau vao 1a udc tinh ban dau vé mirc d6
ning luc cua thi sinh. Quy trinh dé trién khai
tric nghiém thich ung duwoc Nathan A.
Thompson dua ra nhu sau [5]:

Giai dogn 1. Phat trién ngan hang cau hoi
va hé thong trac nghiém thich tmg

Giai dogn 2. Thuc hién danh gid theo
cac budc:

Budce 1: Lua chon cAu hoi dau tién va bat
dau qua trinh danh gié;



52 L.T. Hung et al. / VNU Journal of Science: Education Research, Vol. 35, No. 4 (2019) 49-63

Bude 2. Cau hoi tiép theo pht hop véi ning
lIuc hién tai cua thi sinh dugc dua ra va thi sinh
tra 101 cau hoi do;

Budc 3. Theo két qua cdu tra 15i cua thi
sinh, mot udc lugng méi cua mirc d¢ nang luc
duoc tinh toan;

Budc 4. Quay lai Budc 1 néu cac diéu kién
dimg cua Tric nghiém thich ung chua
thoa man.

Budc 5. Két thuc qua trinh danh gia néu
diéu kién dimg cia Tric nghiém thich ung
thoa man.

Develop item bank
and CAT system

v

Specify starting point
and start test

v

Select itern and
deliver to examinee

v

Score tem, update
examinee score estimate

‘\\
\\

Evaluate termination
criterion

$ Satisfied

Conclude test

Hinh 1. Quy trinh trién khai CAT.

Do vay, trong md hinh Tric nghiém thich
ung: thudt toan lya chon cau hoi tiép theo phu

hop véi kha nang hién tai cia thi sinh la kho
khan vi phai dugc tinh toan mét cach tdi uu
nhit. Bén canh d6 moét ngén hang cau hoi dugc
chuin hoa theo ly thuyét ing dap cau hoi cén
dugc xay dung. S6 cau hoi trong ngén hang can
du 16n dé dat duoc phan bd chudn voi tham sb
d6 kho.

3. X4y dung thuit toan cot 16i va hé thong
trac nghiém thich &ng

Céc phuong phap phd bién wdc lugng ning
luc 6 bao gébm: uwdc lugng hop ly cuc dai
(Maximum-Likelihood), uéc luong hau nghiém
cuc dai (Maximum a posteriori) hodc udc luong
hau nghiém trung binh (Expected a posteriori
estimator). Tt ca cac phuong phap nay dugc
mod ta rd trong Lord (1986), Mislevy (1986).
Loai uéc lugng ma dugc sir dung trong nghién
ctru nay s€ la uoc lugng hau nghiém cuc dai.
Duoéi day s€ mo ta ky udc lugng nay va thuat
toan dé tim wdc lwong nay.

3.1. Ham bién c¢6 hop ly cuc dai va wéc luong
hdu nghiém cuc dai

Ham bién ¢b hop 1y cuc dai tng véi k-1
cau hoi duoc cho boi:

k-1

L(ﬁl Ko 1) :Hf’f(@)x" (1-Q:(6)*
i=1

1)

O d6 Pi 1a x4c sudt tra 11 dung cau hoi tht i va duge cho boi cng thie sau theo 1y thuyét

IRT [6]:

Céc u6e luong Bayes xem cac tham s6 cin
wdc luong 13 mot bién ngau nhién chir khong
phai mot hiang s6. Tham s6 can udc luong s&
dugc gin voi mot phan bd ban dau. Udc lugng
kiéu Bayes c6 thé sir dung khi ma dir lidu it va
sau d6 uoc lugng s€ duogce cai thién tdt hon néu
¢6 thém dir liéu. Trong suy dién Bayes, ban dau
ta gia sir rang 6 tuan theo mot phan bd goi la
phan b tién nghiém (prior distribution) f (6).

P(0)=P(X,=1/0,a,b,¢)=c,+(1-¢)

exp(a (6-h))
1+exp(a (6-b))

Sau d6 dya vao phin b6 tién nghiém va ham
hop ly cuc dai ta suy ra dugc phdn bé hau
nghiém cta tham so 6:

(2)

f(O)L(01 Xy X, 4)

01X, X, )=
g( 1 k 1) f(g)l_(@/xl,,xk,l)dg

©)

Trong suy dién Bayes, u6c lugng phan
phoi hau nghiém cyc dai (Maximum a
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Posteriori Estimator- MAP) duoc gidi thi¢u
trong IRT trong cudn sach cua Lord (1986) [7]
va dugc cho bdi cong thac sau:
Oumap = argmaxeg(0/Xy, ..., Xg-1) (@)
Muén tim Edij..,, 4p ta chuyén bai toan tir tim
maximum cta ham
In(f(8)L(8/Xy, ... X,_y) . Néu ta chon phan
bd tién nghiém ciia 6 1a phan bd chuan véi
trung binh 0, do léch chudn 1 thi

£(8) = %_we“f’“f’f.Khi d6 ta co:
V&7

1(6):= Ln(f(B)L (...

~ Ky ) =C—67/2 4
Yeelym(p(e) +01

— X)in(1 - P(8)) (5)

O d6 C 1a hang sb. Dé tim maximum cia
I{8) ta dung thuat toan “Gradient Descent”
dugc mo ta dudi day.

3.2. Thudt toan Gradient Descent

Thudt toan Gradient Descent la thuat toan
hiéu qua dugc dung dé tim cac diém cuc trj cta
ham s6 khi ma giai phuong trinh dao ham bang
0 kha phue tap (Vi Hiru Tiép, 2018) [8]. Gia st
ta muon tim cuc tiéu ciia ham mot bién f(x). Ta
c6 thé mé ta so luge thuat toan nhu sau: tir mot
diém bét ky trén dd thi x, ta ¢b ging di chuyén
dlem x vé& diém ma tai d6 f(x) dat gia tri cuc
tiéu, ky hiéu 1a x*. Piém x s& di chuyén theo
huéng nguoc véi dau cia dao ham trong truong
hop ta muén tim cyc tiéu. Vi gia sir £(x)>0, thi
x nam vé phia bén phai so véi x*, do d6 x phai
giam dé tién toi x*. Nguoc lai néu f(x)<0, thi x
nam vé phia bén trai so voi x*, do d6 x phai
tang dé tién t6i x*. Thi cong thirc cap nhat diém
x nhu sau:

X = Xpmg — ¥ * f (pmq) (6)
O do tai budc dau tien X~X, ¥ la tde d6 hoc
(learning rate). Sau mot s6 hitu han budc, diém x
s& di chuyén vé gin dlem x*. Theo thuat toan trén
ta phai tinh I'(&) tai mi budc cua thuat toan
! -I" I
E,-(E]:E;!{__.lf’l:g} _ (1 X:] E:'

=1 p.ig) 1- P'E}

1 P8 _
=SP4 g) -Gt
St x, — P(6) )

Ta mo ta thuat toan nhu sau:

Budce 1: chon mdt diém khai tao 6=0 va tdc
dd hoc .

Budc 2: cap nhat

exp(6 — b;)

8::€+T;(Xi 1+ exp(8 — b)) )

3.3, Thudt todntim kiém nhi  phdn
(Binary search) de tim cdu hoi tiép theo

Tiéu chi chgn cau héi. Sau khi thi sinh tra
161 cau hoi k-1 thi nang luc tam thoi cua thi sinh
duoc udc luong va ki hiéu 1a §k -1 Tiép theo ta
phai tim ciu hoi thir k phu hop véi mirc nang
luc nay bing _phuong phap lua chon céu hoi
theo tiéu chudn thong tin t6i da (Maximum-
Information Criterion) (Van der Linden and
Glas (2010)):

t, = argmax, (1 (8-1).1 €R) ©
& d6 1(0) la ham théng tin Fisher:

(P(0))
=5

Khi 0 cb dinh, ham thong tin Fisher dat gia
tri cuc dai tai diém b = 6. Vi vay cau hoi i duoc
chon 1a cau hoi c6 do khé gan véi ék_l. Ham
thong tin dat gid tri maximum khi: Gia tri do
kho b gan bang gia tri ning luyc 6 va do phan
biét a cang lon. Cau hoi thir k dugc chon 1a cau
hoi c6 do kho gan bang ning luc ude lugng

B, _, va c6 do phan biét 16n nhét.

Thuét toan tim kiém nhi phan. Cho truéc
mot gia tri a, tim trong tap hop by, by, ..., b, gid
tri gan nhit voi gia tri a. Cach lam don gian
nhét 13 ta tinh sai s6 giita a voi tat ca cac gia tri
trong tap hop, sau do6 tim sai s6 nho nhat. Cach
lam nay rat mat thoi gian vi 6 phirc tap cua
thuat todn 1a O(n). Thuat toan tim kiém nhj
phan cho phép ta tim kiém mot cach nhanh hon.
Ta chi cin so sanh gia tri a v&i gi tri trung tim
(1a gia tri ndm & vi tri giita) trong ddy. Néu a
nho hon gia trj trung tdm thi ta tim kiém trong
nira trai cua diy, néu a I6n hon gia tri trung vi

(10)
)
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thi ta tiép tuc tim kiém trong nira phai cua day,
néu a x4p xi gi4 tri trung tim thi ta liy ludn gia
tri trung tdm. PG phurc tap cla thudt toan nay 1a
O(logn). Ta co gia thuat nhu sau:

Input: a, by, by, ..., by
Ouput: b (gid tri xdp xi gid tri a)
L:=0
R:=n
Do while (L<R)
m:=[L+R/2]
if (a=by,) then
b=by,
else
if (a<by,) then
R:=m-1
else
L:=m+1
endif
endif

enddo

3.4. Xdy dung website trac nghiém thich img

Sau khi cac thuat toan dugc xdy dung,
cac thuat toan dwoc viét bang ngdén ngir lap
trinh web php két hop v6i phin code giao dién
web dé tao nén website “tric nghiém thich
ung....” Cac chic nang chinh cua website
(http://cat.education.vnu.edu.vn/) bao gom:

- Quan 1y dang nhap: Thi sinh chua co tai
khoan thi c¢6 thé ding ky méi dé dang nhdp vao
hé thong danh gia tric nghiém thich ung, hé
thdng s& khoi tao thi sinh méi c6 murc ning luc
trung binh. P4i vai thi sinh cii ¢6 thé ding nhap
tai khoan da co.

- Quan tri ndi dung website: Phan nay cho
phép gido vién quan ly hoc sinh, quan 1y mén
hoc nhu thém méi hodc x6a ndi dung mon hoc,
quan 1y cau hoi, quan 1y lién hé... Chi tiét co
trong phu luc huéng dan sa dung web
dinh kém.

“ ANUUNIVERSITY OF EDUCATION

banh Gia

TRANG CHU GIGI THIEU NGAN HANG DE THI TIN TUC LIEN HE @

Hé thong trac nghiém thich nghi

Hé thdng trac nghiém thich nghi tu dong danh gia két qua cta ngudi hoc trén may tinh theo céach hiéu quéa nhat

Hinh 2. Giao dién hé théng CAT phat trién trén web.

- Giao dién thyc hién qua trinh kiém tra:
Pay la noi thi sinh s€ thuc hién thao tac tra 101
cdu hoi cia hé thong tric nghiém thich tng.
MBJi lugt s& xuat hién cau hoi va cac dap an lya
chon. Thi sinh chon dap an va giri vé hé thong.

Hé thong danh gia va hién thi cau hi tiép theo
cho thi sinh. Hé thong sé& tu dong ding khi du
co sO danh gia thi sinh. Toan b bai lam cua thi
sinh duoc hién thi: cac cau hoi, do kho cua ting
cau, cau tra 1oi cda thi sinh la ding hay sai, linh
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vuc cta cau hdi va diem so cua thi sinh quy doi
sang thang diém 100.

4. Phat trién ngin hang ciu héi danh gia
nang luc toan hoc

Ning lre Toan hoc 13 cac dic diém tam ly
ca nhan (trudc hét 1a cac dic diém hoat dong tri
tug) dap mg dugc cac yéu ciu cua hoat dong
toan va tao diéu kién linh h¢i cac kién thirc, ki
ning, ki xdo trong linh vuc toan hoc twong dbi
nhanh, d& dang va siu sic trong nhitng diéu
kién nhu nhau. Theo OECD: “Ning luc Todn
hoc | kha nang ciia cd nhan biét lp cong thire
(formulate), vian dung (employ) va gidi thich
(explain) Todn hoc trong nhiéu ngit canh. N6
bao gom suy lugn Todan hoc va st dung cdc khdi
niém, phwong phdp, sw viéc va cong cu dé mé
td, gidi thich va dy dodan cdc hién twong. No
giup cho con nguoi nhan ra vai tro cua Toan
hoc trén thé gidi va dwa ra phan dodn va quyét
dinh ciia céng dan biét gép ¥, tham gia va suy
ngam” [9].

Theo Korutecxki thi cdu trite ciia ning lwc
Toan hoc bao gdém:

Vé mat thu nhdn thong tin: Nang luc tri gic
hinh thirc hoa tai liéu toan hoc, ndng luc ndm
cdu tric hinh thirc cua bai toan.

Vé mit ché bién thong tin, d6 1a:

- Nang lyc tu duy logic trong pham vi cac
quan hé sb lugng va cac quan h¢ khong gian,
cac ki hiéu, nang lyc suy nghi voi cac ki hiéu
toan hoc.

- Nang lyc khai quat hoa nhanh chéng va
rong rii cac dbi trong, quan hé, cac phép toan
ctia toan hoc. Ning lyc raut ngin quéa trinh suy
luéin toan hoc va hé thdng cac phép toan twong
tmg, ning lyc suy nghi voi cdu trac duoc
rut gon.

- Tinh mém déo cua qua trinh tu duy trong
hoat dong toan hoc.

- Khuynh hudng dat t6i sy ro rang, sy don
gian, tinh tiét kiém va tinh hop 1y cua 101 giai.

- Ning lyc thay d6i nhanh chong va dé dang
huéng suy nghi, dang tu duy thuin chuyén qua
tu duy nghich.

Vé mat lwu triv cdc thong tin, d6 1a tri nho
toan hoc tirc 13 tri nhd khai quat vé cac quan hé
toan hoc, vé cac dic diém dién hinh, cac so dd
suy luan va chimg minh, vé cic phuong phap
giai toan va cac nguyén tic xem xét cac bai
toan Ay.

Vé thanh phan tong hop chung, d6 1a
khuynh hudng toan hoc cua tri tué. Tuy nhién,
can chii y rang tc d6 tu duy, ning lyc tinh
toan, tri nh¢ vé cac cong thiec, ... khong nhit
thiét phai c6 mit trong cac thanh phan cia ning
Iwc toan hoc.

Cic cip dp nang lyc Todn hoc. PISA dé
cip dén 3 cap do niang luc Toan hoc phd thong
khac v6i danh gia truyén théng, doi hoi khong
chi cht y dén noi dung kién thirc nguoi hoc da
tiép thu dwoc, ma con chu trong danh gia nhirng
nang luc, qué trinh hinh thanh cic ki ning
(processes skills).

Béng 1. Cac cip d6 ning luc Toan hoc ciia PISA

Cap do Pac diem

Capdo 1 - Nh lai cac doi tuong, khai niém, dinh nghia va tinh chat toan hoc.
Ghinh¢, tdi - Thyc hién dugc mot cach lam quen thudc.

hién - Ap dung mot thudt toan tiéu chuan.

Cap do 2 - Ket noi, tich hop thong tin dé giai quyet cac van dé don gian.

Két ndi, tich
hop

- Tao nhiing két ndi trong cac cach biéu dat khac nhau.
- Poc va giai thich dugc cac ki hiéu va ngoén ngir hinh thire (toan hoc)
va hiéu moi quan h€ ctia chiing véi ngdn ngir tu nhién.

Capdo 3
Khai quéat
héa, Toan
hoc héa

- Nhan biét ndi dung todn hoc trong tinh hudng cé van de phai giai
quyét. »

- Vén dung kién thirc toan hoc dé giai quyét cac van d& thuc tién.

- Biét phan tich, tong hop, suy luan, 1ap ludn, khai quat hoa trong
ching minh toan hoc.
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Khung danh gi4 cua PISA d6i voi linh vire Toan hoc tap trung vao 8 ki ning quan trong dudi déy:

y N A

F/d , Fid
{ [ Kindng tu duy va
I 13p ludn (Thinking
i1 and reasoning)

Ve cac ndi dung
todn hoc
{Argumentation)

Ki nang dat va giai
quyét van dé Ki nang bidu dién
{Problem posing and (Representation)
solving).

\ Ki ndng tranh luan

e

/‘I .y -.\.-

Kha nang giao tiép

todn hoc Ki nang md hinh

Y o Y |
| € unication) hda {(Modelling) .:.
\ y Lo \' ,."l
" / J
\ y \ 2 N\ /
- - - < iy /

——— i ———

Ki ndng si dung ki
hiéu, thudt ngir

chuy&n mén va cic Ki nang sir dung

phwrong tién va cong

cu tinh toan (Using

Hinh 3. Tam ki nang toan hoc theo PISA.

Phit trién ngan hang ciu héi tric nghié¢m
thich wng mén Toan 10. Trén co s vé thang
danh gia nang luc toan hoc, nhéom nghién ciru
tién hanh phat trién ngén hang ciu hoi theo quy
trinh khoa hoc (Hinh 4) v41i mét nhom giao vién
dang truc tiép day mon Toan tai truong THPT.
Nghién ctru ndy dic biét quan tdm dén viéce tap
hudn ki thuét cho gido vién tham gia nghién ctru
vé thiét ké bang dic ta danh gia ning luc toan
hoc, viét va hiéu chinh cau hoi sau khi thim
dinh ki thuat. Bang dic ta dé thi gdm 50 cau hoi
dang thirc tric nghiém khach quan, véi céc chu
dé bao phii chuong trinh Pai s6 16p 10 chuong
trinh gido duc phd thong hién hanh, duoc thiét
ké bam say theo ba cip do danh gia ning luc
toan hoc theo PISA twong ung véi nhan biét
(Knowledge) - Ap dung (Argument) - lap luan
(Reasoning) véi 3 mirc d6 kho cua cau héi (dé,
trung binh va kho). Tuy nhién véi dic thu cua
Toan hoc phé thong hién hanh, cac bai toan
thuong bit dau & mirc Ap dung don gian, rat it
khi str dung mirc d6 nhan biét 1y thuyét thuan
tuy. Bang 2 dudi day s€ tom lugc bang dac ta
chi tiét dé thi, cac ciu hoi duge sép xép dua
trén két qua thao luan nhom cua tap thé gido
vién tham gia nghién ctru nay (y kién chuyén
gia) vi vy sé& co sy thay doi sau thir nghiém.

Tiép theo do6 cac gido vién tham gia nghién
ctru nay da dugc tap huén ki thuét viét cau hoi
theo bang dac ta tién hanh viét cau hoi va doc ki

thuat truge khi thir nghiém. Moi dé thir nghiém
chang t6i tién hanh tdi thiéu trén 150 hoc sinh
dé dam bao c& chudn hod cau héi tric nghiém
thich ng. Nhitng cau hoi dap ung theo ly
thuyét tng dap cau hoi (IRT) s& dugc giir lai va
luu vao ngin hang d&. Dua theo cac nghién ciru
trude day [10] vé c& clia ngan hang tric nghiém
CAT, ching t6i s& phat trién 500 cau héi tric
nghiém thich ing danh gia nang luc toan hoc
cua hoc sinh 16p 10. Dudi day chung toi trinh
bay két qua phan tich 01 d& thir nghiém theo 1y
thuyét IRT str dung phan mém IATA.

Duéi day 1a két qua chay su phu hop véi
mé hinh IRT, cac tham s6 do kho (b), 46 phan
biét (a), o phan biét theo 1y thuyét khao thi c6
dién (Discr) thong qua tham s6 MNSQ, theo 1y
thuyét IRT gia tri ndy phai ndm trong khoang

¥ IT
[1— zx}';, 1+ Ewll,ﬂ tuong (mg v6i gid tri

CI, N 14 s6 thi sinh tham gia tra 10i cau hoi. Dir
lidu gdm 247 hoc sinh tham gia sau khi chung
t6i loai bo cac trudong hop thi sinh bo trong qua
nhiéu trong 254 thi sinh ban dau. Trong két qua
chay IATA, cac cau hoi c6 két qua chay: A la
khong phtt hop, ¢ phii hop va ® phu hop tét voi
ly thuyét IRT. Két qua cho thiy c6 14 cau
(A)co gia tri khong thoa min diéu kién can
duoc diéu chinh hoic loai bo.
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Budc 1: Xay Buée 2: To Buoc 3: Budc 4: Buéc 5: Thie Butée 6: Buéc 7: Xay Buée 8: Budc 9: Ra
dung ma chirc dao Tham dinh, Dadnh may, nghiém, Chinh sira dung dé thi, Chinh sva soat, lua
trdn dé thi tao, boi bién tdp cau nhdp vao phan tich, cdu hoi sau thir nghiém, lai cdc cau chon nhdp
va ban ddc dudng cho hoi ngan hang danh gid va khi thie phan tich, hoi sau khi cdc cdu hoi
ta deé thi can bg soan cau hoi trac dinh ¢ cau nghiém danh gid cac thir nghiém vao ngan
thao cdu trac nghiém trac nghiém de thi de thi hang cau hoi
nghiém thi chuan

(Soan thao héa

cdu hoi tho)

_J\ U\ U\ U\ AN U\ U\

Hinh 4. Quy trinh phat trién ngan hang dé thi CAT.

Bang 2. Bang dac ta rat gon bai thi

Dé Trung binh Khé
. o
Noi dung (%) A R K A R A R
1. Ménh dé, tap hop 5% C1 C2
C3 C4 C5
2. Ham s6 22% C6 c7 cs C9
C10 Cl1 C12 C13
C14,C15 C16
3. Phuong trinh 23% C17 C18 C19 C20
C21 C22 C23 C24 C25
C26 C27
4. Bit dang thirc bat ph c28 c29 C30
. Bat dang thtrc bat phuong
trinh 25% cel Con
C33 C34
C35 C36 C37 C38
. C39
A A 50
5. Thong ké 5% C40
C41
6. Luong giac 20% C42 C43 gj;l
C45 C46 c 48' C49 C50

Téng 15 9 1 15 5 2 3
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Két qua cho thiy di sb cic cAu hoi nay
khong thod mén ca diéu kién vé do phan biét
theo 1y thuyét c6 dién (Discr>0.2) va thudc
nhoém cau hoi qua dé (Cau 1, 15, 17, 18, 26:
b<-3) hodc qua kho (Cau 10, 11, 20, 21, 31, 33,
44, 46, 47), b>+3). Biéu dién phan tich nhén té
cua cac cau hoi nay cling khong dap ung yéu
cau, ¢ sy chénh léch 16n giita duong 1y thuyét
va thuc nghiém (xem truong hop voi cau hai 1).
Nhitng ciu nay can dugc diéu chinh, tuy nhién
trong nghién ctru nay ching t6i loai bo dé viét

bang cau hoi méi va tiép tuc thir nghiém cho
dén khi ngan hang cau hoi da 16n va dap tng
yéu ciu phan phdi chuin vé do kho. Nhirng
diém can luu  khi phén tich cy thé cac cau hoi
khong thoa méan dugc tong hop cho giai doan
tiép theo nhim giam thiéu sé lwong cau hoi
khong dat yéu cau. Céc cau hoi con lai phu hop
véi mo hinh, 1a nhitng cau hoéi thuong cé do
kho nidm trong khoang [-3, +3]; thoa mén diéu
kién do phan biét theo 1y thuyét cd dién
(Dicrs>0,2) va chit lugng dap an nhidu tét.

Bang 3. Két qua phan tich su phit hop vai 1y thuyét IRT (items fit) va cac tham sé (tém lugc)

Use O MName Discr PVal PBis a b c

& ACZB 0.01 0.05 0.06 0.04 |-41.190.00
cz7 0.20 0.92 033 1.00 |-1.99 (0.00
M~ C28 0.42 0.39 0.34 044 (069 0.0
c28 0.24 0.19 0.22 032 (279 (000
] C30 0.49 0.42 0.34 045 |045 |0.00
ACS] 0.02 0.30 017 015 (337 |0.00
& <>C32 0.22 0.31 021 015 249 |0.00
Acn 014 (021|016 |01 [727 [000
M C34 0.35 0.85 0.46 108 |-1.41 |0.00
C35 0.49 0.74 0.44 0.80 |-1.01 |0.00
E C36 0.40 033 035 052 |090 (000
C37 0.43 0.55 033 044 (032 (000
& C38 0.32 0.59 0.31 044 |-054 |0.00
C33 0.44 0.75 044 087 |-1.04 (000
M C40 0.42 0.38 033 044 071 |0.00
c41 0.17 0.71 023 025 |-218 |0.00
M Ca2 0.29 0.77 032 042 |-1.87 |0.00
c43 0.63 042 046 075 (032 |0.00
M Alcs 0.17 037 |017  |005 (358 (000
. C45 0.37 0.35 0.30 044 (0590 (000
M AC4B 0.10 0.20 017 015 (452 |0.00
ACdT 20 0.09 0.10 0.07 {1855 |0.00
%] C52 0.39 0.32 0.35 053 (098 |0.00
C55 0.38 0.75 0.36 057 |-1.37 |0.00
%] C57 0.40 0.56 0.26 025 |-059 |0.00

Use O Name Discr PVal PBis a b c
M Acis 008 0.06 006 |-029 |-6.02 |0.00
Acs 004 |p12 003|008 |-13.96|000
M A c7 0.03 0.02 002 |-030 |-7.86 |0.00
Ace 001  [009 |00 [0.07 1855 |0.00
E ACZE 0.01 0.05 0.06 004 |-41.19(0.00
A 002 (030 (047 045 (337 |0.00
E| ACH} 0.03 0.10 0.12 016 |808 (000
A c2 0.09 019 [012  [oos [1604 000
E| AC4B 0.10 0.20 017 0.19 |452 (0.00
A 0.14 030 (010 |001 [4087 0.00
M Acn 0.14 0.21 0.16 011 |727 |0.00
ch 0.15 0.91 022|053 |-295 |0.00
E ACZH 0.15 016 019 029 (355 (000
c24 0.17 018 (013 [032 (234 000
E 8011 017 07 023 025 |-218 (0.00
Acu 0.17 037 (017  |0.09 [358 |0.00
El o 0.18 0.84 0.19 035 |-297 (0.00
8c7 0.19 092 [031 [o7e [237 o000
M A 0.20 0.88 017 027 |-451 |0.00

Factor Loadings.

FrEy=rrey
04

0.10
0.08
0.08
o.07
0.08
0.05
0.04
0.03
0.02
0.01
0.00

Elgenvalue

Dé c6 nhan dinh chung vé dé thi, chung toi

tién hanh phan tich phd diém theo thang ning
luc va ham thong tin cia dé thi. Két qua cho
thay nang lyc trung binh cua thi sinh la 0,08
gan v6i muc niang luyc trung binh 1y thuyét,
phan b6 nang lyc cua thi sinh c6 dang diu
chudn va sb cau hoi dap tng mo6 hinh la 36.
Ham théng tin c¢6 dinh dat xap xi 6,6, nhu vay

dd tin cdy cua bai tric nghiém s€ 16n hon 0,8
dat yéu cau (Biéu do 1).

Tiép tuc thuc hién qua trinh trén cho 11 dé
thi, tac gid thu dugc 500 cau hoi voi tham s6 do
kho va d6 phan biét theo 1y thuyét khao thi IRT.
Tién hanh kiém nghiém phan phdi chuan voi
kiém dinh Kolmogorov-Smirnov thu nhan dugc
két qua nhu sau (Biéu db 2):
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—— Information
mmm IRTScore
T

Test Information and IRTScore Distribution

Information
O = MW B oo o o o

!

Biéu d6 1. Phan b diém nang lyc va ham thong tin cta dé thi theo 1y thuyét IRT.

Histogram

Mean = 022
B N =500

Frequency

o1 =)
T T T T T T
-3.000 -2.000 -1.000 000 1.000 2000 3.000

VAR00001

Stdl. Dev. =1.010

Expected Normal

Normal Q-Q Plot of VAR00001

4

2

o+

Observed Value

Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic Df Sig. Statistic df Sig.
VAR00001 .037 500 119 .998 500 917

o ) a. Lilliefors Significance Correction
Biéu do 2. Két qua chay kiém dinh Kolmogorov-Smirnov gia tri d6 kho ciia 500 cau hoi.

Nhin vao biéu d6 2, ta thiy dang diéu cua
phan bb do kho va biéu do xac suat chuan Q-Q
(Normal QQ plot) déu thé hién dic trung cua
phan phdi chuan (phan b hinh chudng, cac tri
s6 quan sat va mong doi déu nam trén dudng
chéo). Két qua kiém dinh phan phdi chuin
(Test of Normality) truong hop dir liéu 16n hon
30 qua hé s6 kiém dinh Kolmogorov-Smirnov
cho thiy h¢ sé y nghia (Sig) =0,119>0.05 nén

gia thuyét H, thoa mén, nén d6 khé ciia 500 ciu
hoi tuan theo phéan phoi chuan.

5. Két qua van hanh hé théng tric nghiém
thich wng

Tac gia tién hanh nhdp cau hoi va cho thi
sinh lam bai trén h¢ thong dé kiém nghiém lai
tinh ding dan cta thuat todn va ngin hang cau
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hoi triac nghiém thich img danh ning lyc Toan
hoc, dudi day 1a mot s két qua dién hinh. Két
quaé thi cua thi sinh c¢6 nang luc =1 cho ta udc
lugng nang luc thi sinh sau 22 cau hoi =1.068.
Piém ning luc ndy dugc ddi sang diém thod
bang cach sir dung ham phan phbi ctua phan bd
chuan. Ta tinh:

. x=
—[12® eTTdx=o08572
(11)

Piéu d6 c6 nghia 1a THI SINH lam dugc
85.72% bai thi tiéu chuan. Pdi sang thang diém
100 ta nhan gia tri ndy v&i 100 thi ra diém cua
THI SINH 1a 85.72. Nhin véao hinh 1 ta thdy két
qua thi trén hé thong tric nghiém thich ung
hoan toan tring khop véi két qua mé phong bai
phin mém R duoc cong bd trude day [11]. Két
quéa cho thdy, thi sinh lam dén cau hoéi thu 22
thoa man diéu kién ding theo mo hinh Iy CAT

da duogc phat trién. Tir d6 cho phep ta khing
dinh tinh chinh x4c cua h¢ thong trac nghiém
thich tng.

N_
wr_?é ?ETTT,*'_ _
] T T
B ool IAALA el il
A ARSRSRL SRR S SARER
2 |iiibiidbiidd
g Pl =
V4l
[ | T ‘
5 10 15 0

Biéu d6 3. M6 phong CAT vdi thi sinh c6 nang luc
0=1 (Giang va cs, 2018).

Thi sinh dat s& diém: 85.72

M c;‘u-rna Lol
1 1

Cau: 78

2 Céu: 192

3 Céu: 341

4 Céu: 242
5 Cau: 22

6 Céu: 290

T Cau: 349

2 Cau: 215
el Céu: 93

10 Cau: 157
1 Cau: 444
12 Céu: 182
13 Cau: 413
14 Céu: 417
15 Cau: 164
16 Cau: 250
17T Cau: 301
18 Cau: 451
19 Céu: 470
20 Céu: 179
21 Céu: 108
22 Céu: 298

0.001105352

0739589226 1

1.034107735 0
0782136301 1
1.005159218 o

0803283216 1

0087838267 1

1160402616 o

1.000023804 o

0.852814094 1

098389557 1
1124772447 o
1.017754227 o
0886422651 1
1.020463009 o
0893673702 1

0.061506633 1

1.08342991 o

1.027392439 o

0.910174229 1

0.955136677 1

Hinh 1. Két qua thi cua thi sinh c6 mirc nang luc & = 1.
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Pé khing dinh muc do chinh xac cta hé
thong, ta kiém tra thém hai truong hop: truong
hop 1 thi sinh tra 10i diing tit ca cac cau hoi va
truong hop 2 thi sinh tra 10i sai tit ca cac cau
hoi. Két qua bai thi ctia 2 thi sinh ndy tuong
ung dugc cho boi hinh 2 va hinh 3.

Trudng hop thi sinh tra 10i sai tit ca cac cau
hoi thi diém thi cudi cung cia thi sinh 1a 0.01

1 o

Cau T8

2 Cau- 213
3 Cau- 65
a Cau- 488
5 Cau- 318
5 Cau- 136
7 Cau- 424
s Cau- 489
9 Cau- 14
10 Céau- 450
11 Cau- 361
12 Cau- 232
13 Cau- 446
14 Cau- 257
15 Cau: 277
16 Cau: 205
17 Céu: 345
18 Cau: 387
19 Cau: 458
20 Cau- 431
b Céaus 246
22 Céu: 24
23 Cau- 350
24 Cauz 141
25 Cau: 389

trén thang diém 100. Nguogc lai truong hop thi
sinh tra 101 dung tit ca cac cau hoi thi diém thi
cudi cing cia thi sinh 12 99.99 trén thang diém
100. Két qua cho thay tng véi mdi thi sinh co
nang lyc khac nhau, sb luong cau hoi can tra 10i
trén hé thong 1a khac nhau.

Thi sinh dat s& di&m: 0.01

0.001105352

-0.400246744

-0.743273209

-1.043667439

-1.294140004

-1.536440824

o

o

o

-1 750468735 o
-1.972934934 o
-2 214600887 o
-2.34272312 o
-2 59232767 o
-2 888920672 o
-3.008048590 o
-2.403096215 0
-2.28012398 0
-2.285235535 o
-2.264589336 o
-2 129360648 o
-2.09788206 o
-2.033285596 0
-2.0001 64945 0
-1.989351696 o
-1.91890382 0
-1.014352426 o
-1.904955446 o

Hinh 2. Két qua thi cua thi sinh c6 muc nang luc rat kém.
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1
2

3

20
2
22
23
24
25

26

Cau: 78

Cau: 192

Cau: 341

Cau: 242

Cau: 321

Céu: 216

Cau: 380

Cau: 303

Cau: 70

Cau: 485

Céu: 206

Cau: 274

Céu: 486

Cau: 495

Cau: 171

Cau: 492

Cau: 166

Cau: 462

Cau: 147

Cau: 178

Cau: 56

Cau: 402

Cau: 350

Cau: 160

Cau: 226

Cau: 205

Thi sinh dat s& diém: 99.99

0.001103352

0.402011779

0.730589226

1.034107735

1.30790152

1.510745025

1.763552003

1.971337386

217261167

2350554326

249766159

2649166881

2446531376

3.810278681

2307978399

2284659320

2206102465

2165368502

2087166546

2075245000

1.92039%899

1.895654774

1.887474483

1.869290622

1.803141908

1.778420287

1

1

1

Hinh 3. Két qué thi ciia thi sinh c6 mirc ning lyuc rat tét.

6. Két luin

Hé thong tric nghiém thich ung da duoc
xdy dung va thir nghiém trén ngan hang 500
cau hoi trac nghiém dénh gia nang luc Toan hoc
v6i d6 khé dap ung phan phdi chuan trong mién

tir [-3, +3,5]. So sanh v&i két qua mo phong cho
thdy két qua chay trén hé thong tric nghiém
thich g hoan toan tring khép voi két qua mo
phong voi phan mém R. Tir d6 khang dinh tinh
chuin xac ciia cac thuat toan trong hé théng.
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V61 mot ngan hang cau hdi dugc xay dung dat
chuén chat luong, hé théng tric nghiém thich
trng cho phép rut ngin thoi gian 1am bai cua thi
sinh thi sinh ma van dat dugc do chuan xac. Hé
thong tric nghiém thich Gmg con c6 céc tinh
ning giup gido vién c6 thé d& dang quan ly
ngan hang cau hdi, quan 1y thi sinh va thu thap
két qua thi cua thi sinh mot cach tw dong. Tir d6
gitp gido vién dé dang theo ddi sy tién bo cia
hoc sinh va c6 nhiing trg gitip kip thoi. Nghién
clru ndy tao tién dé dé phat trién hé théng danh
gia thich @mg két hop day hoc phin hoa cho
nguoi hoc khong chi & mén Toadn ma cac mén
hoc khac néu cac nhém ning luc hodc cac ki
niang lién quan duoc xac dinh rd rang, co thé
danh gia dugc. Mat khac dé c6 duge hé théng
danh gia thich éng t6t, ngoai viéc phat trién
thudt toan va phan mém thi phan trong tAm nhét
chinh 14 xay dung ngén hang cau hoi chuan hoa
theo 1y thuyét IRT, day l1a cong viéc doi hiéu
nhidu cong strc nhit boi nhitng gido vién co
kinh nghiém giang day va am hiéu vé kiém tra
danh gia.

Loi cam on

Két qua nghién ciru trinh bay & day duoc tai
tro boi dé tai nghién cuu khoa hoc ma sb
QS.17.14 va QS.17.15 cua truong Pai hoc Giao
duc dugc thuc hién bdéi nhém nghién ctu cia
Khoa Quan tri Chét luong, Truong Pai hoc
Giao duc.
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