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MO PAU

Toan hoc 1a mot nganh khoa hoc c¢6 nhiéu eng dung trong cudc song.
Nhitng kién thire va k¥ ning toan hoc co ban da gitp con ngudi giai quyét
cac van dé trong thuc té cudc sbng mot cach co hé théng va chinh xac, gop
phan thiic day xa hoi phat trién (Chuong trinh GDPT mén Toan, 2018).

Theo Rittle-Johnson va Koedinger (2005) “kién thirc dugc t6 chc,
¢6 cau trac tot cho phép chung ta giai quyét cac van dé méi va ghi nhé
nhiéu thong tin hon 1a thyc hién cac sy Kién hodc quy trinh da ghi nho”.
Dé kién thirc c6 cau trac tot nhu vay doi hoi hoc sinh (HS) phai tich hop
kién thire khdi niém (KTKN) (conceptual knowledge) va kién thirc quy
trinh (KTQT) (procedural knowledge) vai kién thic boi canh (KTBC) cua
cac em d6i vai mot noi dung kién thirc cu thé.

Bit dau tir cudn sach cua J. Hiebert (1986), thuat ngit kién thirc khdi
niém (conceptual knowledge) va kién thire quy trinh (procedural
knowledge) da dugc st dung mét cach rdng rai trong viéc day va hoc toan.
KTKN va KTQT dai dién cho cac thanh phan thiét yéu cta ning lyc toan
hoc (Hiebert & Lefevre, 1986; Rittle-Johnson & Alibali, 1999; Star, 2005;
Baroody, Feil, & Johnson, 2007; Schneider & Stern, 2010; Schneider,
Rittle-Johnson, & Star, 2011; Star & Stylianides, 2013; Rittle-Johnson &
Schneider, 2015). HS hoc hiéu qua khi ban than c6 thé lién hé va két ndi
cac khai niém va quy trinh duoc hoc véi cac tinh hudng thuc té trong cudc
séng (Danquah, 2017).

Theo Van de Walle (2019), “KTQT la kién thirc dinh huéng giai
quyét nhiém vy, co thé hoidc khong c¢6 thé két ndi véi KTKN”. Hon nia,
“mot khi KTQT c6 két nbi mat thiét véi KTKN thi cac quy trinh va cac
ky hiéu s& 1a nhitng cong cu manh m& dé xay dung kién thirc méi”.

Tuy nhién, hién tai ¢ Viét Nam co rat it nghién ctru vé céc khia canh
quy trinh va khai niém cua kién thirc, cling nhu nghién ctru vé su két hop
ciia KTKN va KTQT véi KTBC trong giai quyét van dé (GQVD) (Tran
Vui, 2018). Do do, nghién ciru va khéo sat kha nang cua HS trong viéc sir
dung KTKN, KTQT, kha ning két hop KTKN va KTQT véi KTBC dé
giai quyét cac van dé lién quan dén mot kién thire toan hoc cu thé 1a mot
viéc 1am can thiét va co y nghia.



Trong xu huéng gido duc toan hién nay, bén canh Gido duc STEM,
Gido duc todan thuc (Realistic Mathematics Education-RME) dang rat
dugc quan tam trén thé gidi va & Viét Nam. Muc dich cia RME la nhim
thay d6i va d6i méi cac phuwong phap day toan trén toan thé gidi. Hai quan
diém chinh caa RME 1a “Toan hoc c6 quan hé mat thiét vai thuc té, va
toan hoc 1a két qua hoat dong cua con nguoi” (Freudenthal, 1973, 1991).
Do vay, hoc toan khong chi 1a nghe, hiéu va tiép nhan kién thic co san
duoc truyén dat mot chiéu tir gido vién (GV), ma hoc toan 1a qua trinh
chuyén ddi tir nhitng van dé thuc té, giai quyét van dé tir thyuc té nham xay
dung nhitng khai niém, quy trinh, thuat toan dudi sy huéng dan, goi mo
ctia GV. Céch thirc xay dung kién thirc toan xuét phat tir thuc té nhur trén
duoc xem 12 mot luan diém dang quan tdm trong RME, ¢ Viét Nam va
cac nude trén thé gioi.

Dé nang cao kha ning hiéu toan ciia HS va dé HS thay dugc sy gin
két gilta toan hoc voi thuc té, trong Gido duc toan thyc, bdi canh thyc té
thuong xuyén dugce sir dung. Nho do, HS tu kham phé cac khai niém va
mdt s6 kién thirc theo yéu cu ciia GV theo cach nghi ctia riéng minh.
Theo Javier Diez-Palomar (2006), mén Toan thuong khé c¢6 su gin két
V6i cudc sdng hang ngay cia HS. Do d6, mot tinh hudng co lién hé véi
thuc té, mot bai toan co ndi dung thuc té & tao nén dong luc trong hoc tap
va su yéu thich mon toan hon cho HS.

Mot trong nhirng kho khin cia HS khi giai quyét cac van dé thyuc té
1a viéc hiéu dung van dé dua ra dudi dang vin ban ciing nhu tim ndi dung
toan hoc phu hop véi tinh hudng van d&. Tré ngai 16n nhét khi giai quyét
cac van dé thyc té 1a thiét 1ap mot mo hinh toan hoc phu hop, diéu nay doi
hoi HS phai c6 kién thirc vé bdi canh xuét hién van dé thuc té ciing nhu
s& hitu mot mire d sang tao nhét dinh (Coti¢ & Felda, 2011).

O Viét Nam, mot trong nhitng muc tiéu chung ctia Chuong trinh
GDPT mén Toan (2018) 1a “phat trién kha ning GQVD c¢6 tinh tich hop
lién mén gitta mon Toan va cac mon hoc khac”, “tao co hoi dé hoc sinh
duoc trai nghiém, ap dung toan hoc vao thuc tién... ”. Chinh vi thé, viéc
khao sat va dé xuat cac giai phap phat trién kha ning ciia HS trong két hop
KTKN va KTQT véi KTBC dé giai quyét cac van dé thyc té 1a mot trong
nhirng noi dung quan trong, phtt hop Voi cac quan diém cia RME va gop
ph?m dat dugc muc tiéu cia Chuong trinh GDPT mén Toan (2018).



Phuong trinh (PT) 1a mot chi & quan trong trong chuong trinh toan
phé thong. Kién thirc va ki nang vé PT c6 mat xuyén sudt tir bac tiéu hoc
dén dai hoc. Nhirng kién thuc vé PT 14 chia khoa dé giai quyét nhiéu van
dé trong noi bo toan hoc, trong 1ién mén khoa hoc va van dyng vao doi
séng. Do d6, khi viét Loi Gigi thiéu cho ban dich cudn sach 17 phuong
trinh thay déi thé gisi (do Pham Vin Thiéu — Nguyén Gia Khanh dich,
2015) cua tac gia Ian Stewart (2012), GS. Ngo Bao Chau cho rang “...vé
dep Cua toan hoc nam & cdc phuong trinh.” Trong cudn sach ciia minh,
Stewart nhan dinh rang: “Cdc phuwong trinh la mdu huyét ciia todn hoc,
khoa hoc va céng nghé. Khéong c6 chiing, thé giéi ciia chiing ta sé khong
ton tai duwdi dang hién nay.”

Trong hé théng cau hoi ciia Chuong trinh dénh gia HS qudc té PISA
(OECD, 2003, 2012, 2018), phuong trinh/ham sé bac nhit va bac hai 1a
cac kién thirc toan hoc duogc sir dung dé kiém tra k§ ning dai sé cua HS,
duogc dua vao trong cac cau hoi dudi dang cac vén dé thyc té. Mac du PT
1a mot chii dé quan trong trong chuong trinh dai s6 & phd thong trén toan
thé gigi, nhung duong nhu cac nghién ctru lién quan dén viéc day hoc PT
kha khan hiém trong nghién ctru gido duc dai sé (Vaiyavutjamai &
Clements, 2006; Kieran, 2007). Khi giai quyét van dé lién quan dén PT,
HS thuong ghi nhé cac cong thire, quy trinh, thuat todn ma it chi y dén
Ciu tric va y nghia cta khai niém (Sénnerhed, 2009).

Do d6, trong luén &n chung t6i tap trung nghién ciru KTKN va KTQT
d6i véi kién thirc vé PT, tap trung vao ndi dung PT trong chuong trinh Dai
6 10 (co ban va nang cao).

Muc tiéu cua luan an nham khao sat KTKN, KTQT va kha nang két
hop KTKN va KTQT véi KTBC caa HS trong giai quyét cac van dé thuc
té vé ndi dung PT; khao sat ning lyc GQVD vé ngi dung PT caa HS. Trén
co s do, ludn 4an nghién ciru thiét ké cac tiép can day hoc nham thic day
KTKN va nang luc GQVD vé PT cua HS.

Dé dat dugc muc tiéu nay, trong lun an ching t6i sir dung phuong
phap nghién cttu hdn hop, két hop phuong phap nghién ctru dinh lwgng
va dinh tinh (Creswell, 2012) dé thiét ké nghién ctru, thu thap va phan tich
dir liéu. Chung t6i d& xuat mot phan loai kién thirc dyua vao cac khia canh
quy trinh va khai niém cua kién thirc, dugc chiing t6i goi 1a phdn logi kién
thirc PCK, dé thiét ké cac dé kiém tra va cac bang hoi khao sat KTKN,
KTQT, cing v6i kha nang két hop KTKN va KTQT véi KTBC vé noi

3



dung PT trong giai quyét van dé cia HS. Chung t6i d& xuét cac niang luc
thanh t6 cta nang lyc GQVP ciia HS dua vao qua trinh GQVD cua Khung
PISA 2021 (OECD, 2018), va thiét ké cac thang do gdbm cac tiéu chi dé
do céac nang lyc thanh té nay cua nang lyc GQVD. Ching t6i dé Xuat cac
tiép can day hoc gom céc giai doan va cac buéc day hoc theo bdi canh dé
thiét ké cac tiét day hoc thuc nghiém trén déi twong HS 16p 10 & mot sé
tinh khu vuc Nam Trung Bo va Tay Nguyén dé nang cao KTKN va ning
lyc GQVD vé ndi dung PT cua HS.

Ngoai mé dau, két luan va tai liéu tham khao, noi dung luan an duoc
bd cuc thanh 5 chuong.

Trong Chuong 1 ching t6i tong quan két qua ciia mot s6 nghién ciru
Vé cac loai kién thuc hd trg cho giai quyét van dé toan hoc, gdm KTKN,
KTQT va KTBC; dong thoi, chiing t6i phan tich nhitng kho khin ciia HS
khi két hgp KTKN va KTQT véi KTBC vé noi dung PT trong giai quyét
vén dé thyc té, trén co sd do chung t6i xac dinh muc tiéu nghién ctru va
cac cau hoi nghién ctru dat ra trong luan an.

Trong Chuong 2 chiing t6i dé xuat khung 1y thuyét tham chiéu cho
luan an, trong d6 ching t6i phan tich néi dung PT trong chuong trinh Pai
s6 10 (co ban va nang cao), thong ké ti I¢ cac bai tap danh gia KTKN,
KTQT, su két hop ciia KTKN va KTQT véi KTBC trong céc bai hoc day
hoc kién thtic V& PT, trén co s& d6 chiing ti dé xuat KTKN va KTQT ddi
Vv6i ndi dung PT. Chiing t6i d& xuit mot phan loai kién thirc dia trén cac
khia canh khai niém va quy trinh cua kién thire, dugc chiing t6i goi 13 phdn
logi kién thizc PCK, nham danh gia kha ning hiéu toan va kha nang két
hop KTKN va KTQT véi KTBC vé noi dung PT dé giai quyét van dé cua
HS. Duya trén khung 1y thuyét PISA 2021, chiing t6i dé Xuét cac ning luc
thanh t6 cia ning lyc giai quyét van dé (GQVD), cling véi cac tiéu chi
danh gi4 timg ning lyc thanh t6 nay. Cin clr viao muyc tiéu, y nghia, cac
nguyén tic va cac quan diém cua tiép can day hoc theo bdi canh cua nhiéu
nha nghién ciru gido duc, ching toi dé xut cac tiép can day hoc theo bdi
canh nham thic ddy KTKN va niang luc GQVD vé noi dung PT cua HS.

Trong Chuong 3 chung t6i trinh bay phwong phap nghién ciru nham
tra 1oi cho cac cau hoi nghién ctru duge dé ra trong luan an, trong d6 chiing
t6i phén tich thiét ké nghién ctru, dbi trong tham gia, cong cu nghién ciu,
thiét ké thuc nghiém va phuong phap phan tich dir liéu.



Trong Chuong 4 chiing t6i trinh bay cac két qua nghién ctru caa luan
an, tra 10 cho cac cau hoi nghién ciru duge dua ra trong luan an, gdom: (1)
Khao sat kha nang st dung KTKN, KTQT va két hop ba loai kién thirc vé
ndi dung PT trong giai quyét vn d& cua hoc sinh; (2) Khao sat niang luc
GQVD vé noi dung PT cua HS; (3) Xay dung mét tiép can day hoc theo bdi
canh thac ddy KTKN vé noi dung PT cua HS; (4) Xay dung mot tiép can
day hoc theo béi canh thic day nang luc GQVD vé ngi dung PT cua HS.

Cubi cung, trong Chuong 5, chiing t6i két luan vé cac cac két qua
nghién ctru dat dugc trong luan an, tra 161 cho cac cau hoi nghién ctru duoc
dua ra trong luan an. Trén co s& d6 ching toi dé& xuat mot sé kién nghi,
gidi han va mot s6 hudng mo rong cua dé tai.

Chwong 1. PAT VAN PE NGHIEN CUU

1.1. Baloai kién thirc hd tro cho qua trinh giai quyét van dé

1.1.1. Kién thire khai niém

1.1.2. Kién thuc quy trinh

1.1.3. Méi quan hé giira kién thirc khai niém va kién thic quy trinh

1.1.4. Chat lugng va loai kién thirc

1.1.5. Kién thuc béi canh

1.1.6. Két ndi ba loai kién thirc trong qua trinh giai quyét vin dé thuc té

1.2. Nang luc toan hoc

1.2.1. Ning lyc toan hoc va vai trd cua ba loai kién thirc trong hinh thanh
nang lyc toan hoc caa hoc sinh

1.2.2. Mét s6 nghién ctru lién quan dén ning lyc toan hoc va mdi quan hé
véi ba loai kién thuc

1.3. Thuec trang sir dung ba loai kién thirc dé giai quyét cac van dé

thuc té lién quan dén ndi dung vé phuong trinh

1.3.1. Vai tro cua kién thirc vé phuong trinh va thyc trang danh gia ba
loai kién thirc vé& phuong trinh trong chuwong trinh Pai s6 10

1.3.2. Nhiing kho khin cta hoc sinh trong viéc sir dung ba loai kién thirc dé
giai quyét cac van dé thyc té lién quan dén noi dung vé phuong trinh

1.4. Pt vin dé nghién ciru

1.5. Muc dich nghién ctru va ciu héi nghién ciru

Muc dich chinh cta luan 4n nham khao sat KTKN, KTQT va kha
ning két hop KTKN va KTQT véi KTBC caa HS trong giai quyét cac
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van dé thuc té vé& noi dung phuong trinh; khao sat ning lyc GQVD vé
nodi dung phuong trinh ctia HS; trén co s d6, luan an nghién ctru thiét
ké cac tiép can day hoc nham thuc didy KTKN va ning lyc GQVD vé
phuong trinh cua HS.

Cac cau hoi nghién ctru:

e Ciu hoi 1. KTKN, KTQT va kha nang két hop KTKN va KTQT
voi KTBC ciia HS 16p 10 dé giai quyét cac nhiém vu vé phuong trinh
duoc thé hién nhu thé nao?

e Cdu hoi 2. Van dung tiép can day hoc theo bdi canh nhu thé nao dé
thiic ddy KTKN, KTQT va niang luc GQVD ciia HS?

e Ciu héi 3. KTKN vé noi dung phuong trinh cua HS thay déi nhu
thé nao trudc va sau khi tham gia vao 16p hoc sir dung tiép can day hoc
theo bdi canh?

e Ciu héi 4. Nang lyc GQVD vé noi dung phwong trinh ciia HS thay
d6i nhu thé nao trudce va sau khi tham gia vao 16p hoc sur dung tiép can
day hoc theo bdi canh?

Chuwong 2. KHUNG LY THUYET THAM CHIEU

2.1. Kién thirc khai niém va kién thirc quy trinh vé phwong trinh
2.1.1. Noi dung phuong trinh trong séch gido khoa Pai s6 10 co ban
2.1.2. Noi dung phuong trinh trong sach giao khoa Pai s6 10 nang cao
2.1.3. Kién thirc khai niém vé phuong trinh

2.1.3.1. Kién thiic khai niém vé phuong trinh mot an/hai 4n

2.1.3.2. Kién thirc khai niém vé phuong trinh bac nhat mot an/hai an
2.1.3.3. Kién thirc khai niém vé phuong trinh bac hai mot an

2.1.4. Kién thirc quy trinh vé phuong trinh

2.1.4.1. Kién thirc quy trinh vé phuong trinh mot an/hai an

2.1.4.2. Kién thirc quy trinh vé phuong trinh bac nhat mot an/hai an
2.1.4.3. Kién thirc quy trinh vé phuong trinh bac hai mot an

2.2. Phin loai cic nhiém vu toan theo kién thirc khai ni¢m va kién
thirc quy trinh

2.2.1. Céc kiéu kién thtrc cua phan loai kién thirc PCK

2.2.2. Phan loai kién thirc PCK d6i véi noi dung phuong trinh mét an
2.2.3. Phan loai kién thirc PCK d6i véi noi dung phuong trinh bac nhat
mat an



2.2.4. Phan loai kién thuec PCK dbi v&i noi dung phuong trinh bac hai
mot 4n

2.3. Ning lwc giai quyét vin dé va thang do ning luc giai quyét
van dé

2.3.1. Nang lyc giai quyét van dé

2.3.2. Thang do cac nang lyc thanh t6 cua ning luc giai quyét van dé

2.4. Day hoc thiic diy kién thire khai niém va ning luc giai quyét van
dé caa hoc sinh

2.4.1. Day hoc theo bi canh

2.4.2. Céac giai doan day hoc theo béi canh dé thuc day kién thie khai
niém cua hoc sinh

2.4.3. Két hop qua trinh giai quyét van d& cua PISA voéi cac giai doan day
hoc theo béi canh trong day hoc thuc day ning luc giai quyét van dé cua
hoc sinh

Chuwong 3. PHUONG PHAP NGHIEN CUU

3.1. Thiét ké nghién ciru

Qua trinh nghién ctru trong ludn an duoc thiét ké thanh ba giai doan
dé tra 101 cho cac cau hoi nghién ciru dé ra trén day.

Giai doan 1: Khao sat kha nang két hop KTKN va KTQT cua HS lop
10 & GQVDP lién quan dén noi dung phuong trinh gitip tim hiéu thuc
trang va c6 nhitng nhan dinh ban dau vé kha nang nay & HS. Khao sat 1
dugc thyc hién vao tuan thi 15 cta hoc ky 1 nam hoc 2017-2018, & thoi
diém nay HS d hoc xong chuong “Phuong trinh va hé phuong trinh”.

Giai doan 2: Khao sat KTKN, KTQT, kha ning két hop KTKN va
KTQT, va ning lyc GQVD cua HS vé noi dung phuong trinh, dic biét
1a cac van dé thyc té dé dinh hudng thiét ké nghién ciu thuc nghiém.
Khao sat 2 dugc thuc hién vao tuan thir 14 cua hoc ky 1 nam hoc 2018-
2019 ¢ thoi diém nay HS ciing da hoc xong chwong “Phuong trinh va hé
phuong trinh”.

Giai doan 3: Thyc hién trong 9 tuan lién tiép thudc hoc ky 1 nam hoc
2019-2020, tir ngay 19/10/2020 dén hét ngay 21/12/2020. Sau khi phan
tich két qua khao sat & giai doan 1 va 2, nghién ciru co so ly thuyét, chung
t6i xay dung cac ké hoach bai day chi tiét (13 tiét) theo tiép can day hoc
dwa trén bdi canh da dé xuit & Chwong 2, nham thuc ddy KTKN, kha nang
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két hop KTKN va KTQT, ning lyc GQVD cua HS vé ndi dung phuong
trinh, tién hanh day hoc thuc nghiém dé danh gia tinh hiéu qua cta cac
tiép can day hoc dugc xay dung.

3.2. Péi twong tham gia

- C6 tong cong 154 HS 16p 10 & ba truong THPT trén dia ban thanh
phd Quy Nhon, tinh Binh Dinh tham gia khao sat trong giai dean 1.

- C6 tong cong 494 HS 16p 10 tham gia vao cudc khao st trong giai
doan 2. Tét ca cac HS 16p 10 duoc chon dé thuc hién khao sat déu dang
hoc chuong trinh ning cao ciia Sach Gigo khoa Dai s6 10.

- C6 tong cong 257 HS tham gia vao hoat dong thuc nghiém day hoc
trong giai doan 3.

- C06 06 GV Toan tham gia vao qua trinh thyc nghiém day hoc & giai
doan 3, thuoc Truong THPT Nguyén Diéu (tinh Binh Dinh), Truong
THPT Kon Tum (tinh Kon Tum) va Truong THPT Phan Pinh Phung (tinh
Phu Yén).

3.3. Cong cu nghién ciru

- Phiéu khao sat 1
Phiéu khao sat 2
- Bai kiém tra dau vao
Phiéu kiém tra hiéu khai niém phwong trinh

- Bai kiém tra dau ra

- Phiéu phong vén
3.4. Thiét ké day hec thwc nghiém

Nhim danh gia tinh kha thi va hiéu qua cua tiép can day hoc gom ba
giai doan nam budc dé thuc ddy KTKN va niang luc GQVD vé phuong
trinh cua HS, chung t6i tién hanh thuc nghiém day hoc déi vai ba chu dé,
gom 13 tiét hoc vai kién thic thude chuong 3 cua chuong trinh Pai s6 10.
3.5. Phan tich dir li¢u

- Bé danh gia cac pham tru kién thirc PK1, PK2, CK1, CK2 va PCK
trong cac phiéu khao sét, bai kiém tra, ching toi sir dung thang diém 4.

- Bé danh gia ning luc GQVD cua HS, chung t6i sir dung thang do
cac nang lyc thanh t cia ning luc GQVD da d& xuat ¢ chuong 2. Diém
nang lyc GQVD ctia mdi nhiém vu duge tinh bang trung binh cong cia
diém cac nang luc thanh t& va xép thanh 4 mirc do.

- Pé phan tich dinh luong dit liéu thu thap duoc, chung toi str dung
phan mém Théng ké IBM SPSS Statistics 22.
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- Bén canh do, chiing t6i sir dung phuong phap dinh tinh dé phan tich
cau tra 10i & cac phiéu khao sat va bai kiém tra nham nhan ra nhiing sai
lam, kho khin trong cac pham tri kién thue PK1, PK2, CK1, CK2 va PCK
ciing nhu biéu hién cac ning Iyc thanh t6 cia nang luc GQVD cua HS ddi
V&i ndi dung phuong trinh.

Chuwong 4. KET QUA NGHIEN CUU

4.1. Kha ning sir dung kién thirc khai niém, kién thic quy trinh va
két hop ba loai kién thitc vé ndi dung phwong trinh trong giai quyét
véan dé cia hoc sinh

Dé khao sat kha ning st dung KTKN, KTQT va kha nang két hop
KTKN va KTQT vé6i KTBC Vé noi dung phuong trinh trong GQVD cua
HS, chiing t6i thiét ké mot bang hoi gom 15 cau hoi vai 25 nhiém vy, dap
{mg c4c pham tra nhan thire cua phén loai kién thiac PCK. Noi dung cua
15 cau hoi trong bang hoi tap trung vao nam linh vic kién thuc: (1) Giai
phuong trinh, (2) Piéu kién c6 nghiém cta phwong trinh, (3) Poc d6 thi,
(4) Lién hé gitra biéu dién dd thj va biéu dién dai sd, (5) Ung dung phuong
trinh giai quyét van dé thuc té.

Chung t6i sir dung bang hoi dugc thiét ké dé khao sat 494 HS 16p 10
& mot sb truong THPT trén dia ban céac tinh Binh Pinh, Pht Yén, Khanh
Hoa, Kon Tum. Sau khi thu thap bai lam cta 494 HS tai cac truong THPT
duoc khao sat, chung t6i danh gi4, tong hop, phan tich dit liéu thu thap
dugc bang phan mém thong ké IBM SPSS Statistics 22.

Két qua nghién ciru cho thay:

- Ti I& (%) dat duoc cua diém trung binh trén s diém cao nhat c6 thé
c¢6 cua cac nhiém vu danh gia KTQT cao hon nhiéu so véi ti 1& dat duoc
cua cac nhi¢m vy danh gid KTKN.

- Dic biét, ti 1¢ (%) dat dugc cta trung binh tong diém cac nhiém vy
danh gia KTQT 1a 64,87% trén tong diém cao nhét co thé, cao hon nhiéu
S0 Vi ti 1¢ trung binh tong diém cac nhiém vy danh gia KTKN 14 47,58%.
Diéu d6 c6 nghia 1a KTQT vé PTB1 ciia HS cao hon nhiéu so véi KTKN
Clia cac em.

- Trung binh téng diém cac nhiém vu danh gia kha niang két hop ba
loai kién thirc vé noi dung phuong trinh trong GQVD 1a rat thap, vai ti 1¢
(%) trung binh tong diém trén tong diém cao nhit c6 thé 1a 29,59%.
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- Dic biét, diém trung binh cac nhiém vy danh gia kha ning giai quyét
van dé thuc té ciing rat thap, véi ti 18 (%) trung binh dat duoc cua bién
IPCK3 trén diém cao nhét c6 thé 1a 29,06%.

4.2. Kha ning giai quyét vin dé vé ngi dung phwong trinh ciia hec sinh

Dé khao sat kha ning GQVD vé noi dung phuong trinh ctia HS, chiing
toi da st dung mot bang hoi gém 04 cau hoi véi 09 nhiém vu, duoc chon
loc trong s6 15 cau hoi duoc thiét ké dé do kha nang sir dung KTQT,
KTKN va kha ning két hop ba loai kién thirc vé noi dung phuong trinh
trong GQVP cua HS nhu di trinh bay ¢ phan trude (gom Cau 12, Cu 13,
Céu 14 va Cau 15). Chung t6i st dung thang do cac nang lyc thanh té cia
ning luc GQVD duge dé xuit trong chuong 2 dé khao sat 494 HS 16p 10
0 cac truong THPT trén dia ban cac tinh Binh Pinh, Phu Yén, Khanh Hoa,
Kon Tum, danh gia mirc d6 dat dwoc cua mdi HS ddi véi mdi nhiém vu.

Théng ké két qua bai 1am ciia HS cho thiy:

- Khi giai quyét tung nhiém vy, HS thuong gap kho khin trong viéc
thiét 1ap cac tinh hudng bang phuong phap toan hoc, dan dén khong thiét
lap dugc hoc thiét Iap sai tinh huéng van dé bang phuong phép toan hoc.
Khi d6, HS khong thé giai quyét van dé toan hoc, do d6 khong thé phién
dich chinh xac 15i giai cho tinh hudng van d& nguoc tré lai thé gisi thyc.

- Nhitng HS di thiét lap dting tinh hudng bang phwong phap toan hoc
thudng co it sai st trong viéc van dung KTQT dé GQVD. bong thoi, khi
giai quyét dwoc tinh hudng van dé bang phuong phép toan hoc, HS hau
nhu phién dich chinh xac cac giai phap hoac suy luan toan hoc nguoc tré
lai bdi canh cua van dé va xac dinh chinh xéac tinh hop 1y va ¥ nghia cta
két qua trong bdi canh cua véan dé.

Két qua nghién ctru cho thiy ning luc GQVPD vé phuong trinh cua
HS 14 rat yéu.

4.3. Tiép can day hoc theo bdi canh thiic day kién thirc khai ni¢m vé
néi dung phwong trinh cua hoc sinh

Trong muc nay chung toi trinh bay két qua nghién ciru vé ap dung
tiép can day hoc theo béi canh gém ba giai doan va nim budc duoc dé
Xuit trong chwong 2 dé thyc nghiém day hoc ddi vai chi dé “Pai cuong
Vvé phuong trinh” trong chuong trinh Pai s6 10 nang cao nham thiic day
KTKN V& noi dung phuong trinh ciia HS 16p 10.

Thuc nghiém day hoc dugc tién hanh trong 9 tuan lién tiép tir ngay
19/10/2020 dén hét ngay 21/12/2020 trén d6i twong hoc sinh 16p 10 tai
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Truong THPT Nguyén Diéu (tinh Binh Dinh), Truong THPT Kon Tum
(tinh Kon Tum) va Truong THPT Phan Pinh Phung (tinh Pha Yén), voi
ké hoach cu thé trong ting tuan duoc mé ta chi tiét trong luan an.

O tuan th hai cua qua trinh thyc nghiém day hoc, chiing t6i di st
dung bai kiém tra dau vao (pretest) dé khao sat hiéu biét va kién thirc
sén c6 vé phuong trinh cia 257 HS 16p 10 & ba truong THPT, mdi
truong c6 02 16p.

Cubi dot thuc nghiém, trong tuan thir 9, tat ca 257 HS tham gia trong
nghién ctru nay tiép tuc thuc hién mot bai kiém tra sau thuc nghiém
(posttest) nham danh gia sy tién bo cua HS trong hiéu khai niém phwong
trinh so v&i trudc khi tién thanh thuc nghiém day hoc.

V6i muc dich danh gia su tién bo kién thuc khai niém vé noi dung
phuong trinh ciia HS sau thyc nghiém day hoc, cc cau hoi duoc thiét ké
dap tg cac cip d6 nhan thire CK 1, CK2 va PCK ciia phén loai tu duy PCK.

Chung t6i so sanh su tién bo cua nang luc hiéu khai niém cua 257 HS
sau thyc nghiém day hoc bé’mg cach so sanh ti 1€ (%) dat duogc cua HS dbi
Véi tirng nhiém vu qua hai bai kiém tra pretest va posttest. Bén canh do,
chung t6i con so sanh ti 18 (%) dat duoc ciia diém trung binh tirng pham
tri kién thire CK1, CK2 va PCK trong phén loai kién thirc PCK. Dé danh
gia thém hiéu qua cua tiép can day hoc gom ba giai doan va nim buéc day
hoc hiéu khai niém dugc dé xuat trong luan an, chiing t6i con tién hanh so
sanh ti 1¢ (%) dat dugc cua diém trung binh tirng pham tru kién thiaec CK1,
CK2, PCK trong phan loai kién thirc PCK khi tién hanh khao sat KTKN
& giai doan 2 cua 247 HS tai ba truong thuc nghiém day hoc trong sau
truong THPT tién hanh khao sét, vai ti 1¢ (%) dat duoc ciia diém trung
binh tirng pham tru kién thic CK1, CK2, PCK cuia 257 HS tai 6 trudng
THPT nay trong bai kiém tra posttest.

Tir nhitng phan tich, so sanh trén day gitra két qua bai lam cua 257
HS d6i véi bai kiém tra pretest va bai kiém tra posttest, chiing ta thay rang
kha nang hiéu va van dung KTKN V& noi dung phuong trinh trong GQVD
cua HS duoc nang cao 16 rét sau thuc nghiém day hoc. Hon nira, So sanh
ti 1¢ (%) dat duoc cua diém trung binh tirng pham tri kién thire CK1, CK2
va PCK cuta 17 nhiém vy trong bang hoi khao sat do KTQT, KTKN, kha
ning két hop giira ba loai kién thirc trong GQVD, do nang lyc GQVD ¢
giai doan 2 va cua 11 nhiém vu trong bai kiém tra posttest cho thy ti lé
dat dugc cua cac pham tri nay tang 1én 18 rét sau khi GV tac dong tlep
can day hoc hiéu khai niém theo béi canh dugc dé xuét.
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Sau thyc nghiém day hoc chiing t6i tién hanh phong van 02 HS & mdi
truong THPT thyc nghiém nham tim hiéu cam nhan, cach tu duy va hoat
dong cua HS khi giai quyét van dé béi canh sir dung trong tiép can day
hoc, nhitng khoé khan ctia HS trong qua trinh tham gia tiép can day hoc
hiéu khai niém phuong trinh.

4.4. Tiép can day hoc theo béi canh thic dy ning luc giai quyét van
dé vé ni dung phwong trinh ctia hoc sinh

Trong muc nay chung t6i trinh bay két qua nghién ctru vé viéc ap dung
tiép can day hoc theo bdi canh gdm ba giai doan va nam buéc duoc dé
Xuit trong chwong 2 dé thuc nghiém day hoc ddi vai chii dé “Giai quyét
van d lién quan dén PTB1 va PTB2” trong chuong trinh Pai s6 10 nang
cao nham nang cao ning lyc GQVD vé phuong trinh caa HS 16p 10.

Vi muc dich danh gia so b nang luc GQVD cua HS vé noi dung
phuong trinh, chiing t6i lya chon phan tich két qua bai 1am cta HS ddi véi
8 nhiém vu Q12, Q21, Q32a, Q32b, Q13, Q23, Q33, Q34 trong bai kiém
tra dau vao, 1a nhiing van dé duoc thiét ké dap tmg cac pham tru kién thic
CK2 va PCK cua phan loai kién thitc PCK, trong dé ¢6 3 nhiém vu la cac
vén dé thyc té.

Két thuc giai doan thuc nghiém day hoc thuc day hiéu khai niém
va ning luc GQVD vé noi dung phuong trinh cua HS, tat ca 257 HS
tham gia trong nghién ciru nay tiép tuc thuc hién mot bai kiém tra dau
ra (posttest, xem Phu luc 5). Vi muc dich danh gia sy tién bo trong
ning luc GQVD vé phuong trinh cia HS sau giai doan thuc nghiém
day hoc, chiing t6i lwa chon phan tich két qua bai 1am cua HS ddi véi
8 nhiem vu Q12, Q21, Q32a, Q32b, Q13, Q23, Q33, Q34 trong bai
kiém tra posttest, 1a nhirng van dé duogc thiét ké dap ung cac pham tru
kién thirc CK2 va PCK cua phan loai kién thirc PCK, trong d6 ¢6 3
nhiém vu 1a cac van dé thuc té.

Tuong tu cach 1am nhu déi véi day hoc hiéu khai niém, ching toi
so sanh sy tién bo nang lyc GQVPD vé nodi dung phuong trinh cua 257
HS sau thyc nghiém day hoc bang cach so sanh ti 1& (%) dat duoc cua
HS ddi véi ting nhiém vu qua hai bai kiém tra pretest va posttest. Bén
canh d6, chiing t6i so sanh ti I¢ (%) dat duoc cua diém trung binh céac
pham tru kién thie CK2 va PCK trong phan loai kién thirc PCK qua
hai bai kiém tra. Dong thoi, dé danh gia thém hiéu qua cua tiép can
day hoc gém ba giai doan va nim budc day hoc GQVD duoc dé xuit
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trong luan an, chiing t6i con tién hanh so sanh ti 1& (%) dat dugc cua
diém trung binh cac pham tri kién thirc CK2 va PCK trong phén loai
kién tharc PCK khi tién hanh khao sat ning luc GQVD ¢ giai doan 2
cua 247 HS tai ba truong thyc nghiém day hoc trong sau truong THPT
tién hanh khao sat, véi ti 1& (%) dat duoc cia diém trung binh cac pham
tru kién thie CK2 va PCK cua 257 HS tai 6 truong THPT nay trong
bai kiém tra posttest.

Tir nhitng phan tich, so sanh trén day giita két qua bai lam cua 257
HS dbi véi bai kiém tra pretest va bai kiém tra posttest, chung ta thiy
rang nang luc GQVPD vé ndi dung phuong trinh cua HS dugc ning cao
rd rét sau thuc nghiém day hoc. Hon nira, so sanh ti 1€ (%) dat dugc cia
diém trung binh cac pham tru kién thac CK2 va PCK cua 13 nhiém vu
trong bang hoi do nang lyc GQVD & giai doan 2 va ctia 11 nhiém vy
trong bai kiém tra posttest cho thiy ti & dat dwoc ciia cac pham tri nay
tang 1én ro rét sau khi GV tac dong tiép can day hoc GQVD theo boi
canh dugc dé xuat,

Tiép tuc noi dung phong van HS sau thuc nghiém day hoc da duoc
chung t6i trinh bay & muc 4.3, trong muc nay chung t6i tbng hop két qua
phong van 02 HS & mdi Truong THPT thuc nghiém, lhra chon phan tich
két qua phong van caa mot s6 cau hoi trong phiéu phong van dé tim hiéu
cam nhan, cach tu duy va hoat dong ctia HS khi giai quyét cac van dé thuc
té st dung trong tiép can day hoc theo béi canh.

Chwong 5. KET LUAN VA KIEN NGHI

5.1. Két luan
5.1.1. Kha niing sir dung va két hop kién thirc khai niém va kién thic
quy trinh véi kién thic bdi canh vé ngi dung phwong trinh trong giai
quyét van dé caa hoc sinh

Két qua khao sat 494 HS 16p 10 tai 6 truong THPT trén dia ban cac
tinh khu vuc Nam Trung Bo va Tay Nguyén cho thiy kha ning st dung
KTKN vé noi dung PT cua HS khong cao, véi tong diém trung binh cua
bién quan sat CK (biéu dién cho KTKN) nhé hon mét ntra so véi diém
t6i da co thé dat dwoc (vdi ti 18 47,58%). KTQT vé noi dung PT caa HS
dugc thé hién tt hon, véi ti 1¢ diém trung binh cua bién quan sat PK
(biéu didn cho KTQT) trén tong s6 diém t6i da co thé 1a 64,87%. Kha
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ning két hop KTKN va KTQT véi KTBC vé noi dung PT trong GQVD
cuia HS 1a rat thap, véi trung binh tong diém chi chiém 29,59% trén tong
diém cao nhat co thé.

Dua trén két qua bai lam cua 494 HS di véi 09 nhiém vy dugc chon
loc trong s& 15 cau hoi cua phiéu khao sat 2, chang t6i ¢ két luan rang
trong ba ning lyc thanh t6 cua ning lyc GQVD, thanh t6 thir nhat c6 diém
trung binh cao nhat, tiép dén 14 thanh t6 thir hai, va thap nhét 1 diém trung
binh ciia thanh té thir ba. Thong ké két qua bai lam cia HS cho thay HS
thuong gap kho khan trong viéc thiét 1ap cac tinh hudng bang phuong
phap toan hoc, din dén khong thiét lap dugc hoac thiét lap sai tinh hudng
van dé bang phuong phéap toan hoc. Do d6, HS khong thé giai quyét van
dé toan hoc, va din dén khong thé phién dich chinh xéc 10i giai cho tinh
hudng van dé nguoc tro lai thé gici thuc. Nhitng HS da thiét lap ding tinh
hudng bing phuong phép toan hoc thuong it sai sét trong viéc van dung
KTQT dé giai quyét van d&. Bdng thoi, khi giai quyét duge tinh hudng
van dé bang phuong phép toan hoc, HS hau nhu phién dich chinh xac cac
giai phap hoac suy luan toan hoc nguoc tro lai bbi canh cua van dé, xac
dinh chinh x4c tinh hop 1y va ¥ nghia cta két qua trong bdi canh caa van
dé. Mot cach tong thé, két qua khao sat thé hién rang nang luc GQVD vé
ndi dung phuong trinh ciia HS 1a rét yéu.

Nhitng phat hién nay vé mit co ban da phan anh dung két qua khao
sat thé ché vé noi dung phuong trinh trong SGK Pai s6 10 (co ban va nang
cao) dugc trinh bay trong muc 2.1, & d6 chung téi ciing khao sat rang ti 1&
bai tap danh gia KTKN vé ndi dung phuong trinh ciia HS 1a thap, dac biét,
ti I¢ bai tap danh gia su két hop ciia KTKN va KTQT véi KTBC la rat
thap, chu yéu 1a cac bai tap danh gia KTQT. Mot thuc té 1a cach thirc danh
gia s& co tac dong rat Ion dén phuong phap hoc cua HS, qua do6 sé anh
huong gian tiép dén lugng kién thirc thu nhan dwoc caa HS. Mot khi HS
khong duge danh gia nhiéu vé KTKN, ciing nhu khong duoc danh gia
nhiéu vé k§ ning GQVD, kha ning sir dung KTKN ctia cac em s& khong
cao, dong thoi, viéc hinh thanh ning luc GQVD cho HS sé& c6 nhiéu can
trd. Chinh vi thé, bén canh viéc thay doi chuong trinh SGK theo huéng
tang cuong danh gia KTKN ciling nhu danh gia kha nang GQVD cua HS,
GV ciing can sir dung nhiing tiép can day hoc tich cuc/kién tao trong day
hoc hiéu khai niém va day hoc GQVD, gitp cai thién va nang cao KTKN
va nang lyc GQVD vé ndi dung phuong trinh ciia HS.
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5.1.2. Tiép can day hoc hiéu khai niém va giai quyét vin dé vé noi
dung phwong trinh ciia hoc sinh

C6 nhiéu bién phap dé thiic ddy KTKN va nang cao ning lyc GQVD
cho HS, trong d6 céc tiép can day hoc theo bdi canh 1a nhitng phwong
phap day hoc tich cuc/kién tao co thé duoc st dung.

Tiép can day hoc theo bdi canh gdm ba giai doan va nam budc day
hoc hiéu khai niém duoc ching t6i dé xuit dia vao cac nghién ctiu vé
quan diém, ¥ nghia, muc dich va nguyén tic day hoc theo bdi canh cua
nhiéu nha gido duc, két hop vai ba hoat dong chinh trong day hoc khai
niém cua Kim (2011), ciing nhu két hop vai bdn hoat dong day hoc khai
niém toan hoc dé xuat boi Thai va cong su (2018), trong do coi trong vai
tro ctia Van dé duoc dua ra trong cac bdi canh - cac véan dé thuc té, vira tao
tinh hudng tht vi ban dau, vira khoi goi cho HS hinh thanh khai niém qua
qué trinh giai quyét van dé thuc té, vira kién tao khong khi hop tac trong
hoc tap cua HS.

O budc 1 cua giai doan ma dau, GV s& chuan bi cac kién thirc can hoi
va kiém tra HS, GV chuan bi mot s6 van dé thuc té lién quan dén khai
niém mai can truyén dat dé gigi thiéu cho HS nham tao dong co, nhu cau
hoc tap, dit van dé dan dén hoc tap khai niém méi, hoac tir viéc giai quyét
van dé thyc té dé HS kham pha khai niém. Hon nira, GV can biét va kiém
tra HS da hoc nhiing kién thirc lién quan nao, con nhé gi, dé HS c6 thé
hiéu dugc van d& thyuc té va giai quyét duoc van dé thuc té dua trén cac
kién thiic hién c6. O budc 2 cua giai doan cdt 161, viéc chia HS thanh cac
nhom nho ngay tir budc nay s€ tao co hdi cho cac em hop tac cung nhau
hiéu van d¢, thao luan kién thie dugc dé cap trong van d&, dé cung nhau
giai quyét van dé trong budc 3. Trong budc 3, HS can phai ¢6 ki ning
toan hoc hoa tinh hudng thyc té, lya chon va van dung KTKN vé noi dung
kién thire da biét dé dwa tinh hudng thyc té vé van d& toan hoc, trén co s&
d6, HS két hop ca KTKN va KTQT vé noi dung kién thirc can st dung dé
giai quyét mo hinh toan dugc xac 1ap. KTKN dong vai tro quyét dinh trong
viéc xac 1ap mo hinh toan hoc, con dé giai quyét van dé toan hoc thi cac
em can van dung ca KTKN va KTQT. O buéc 4, qua trinh bay 10i giai van
dé ctia cac nhom, ciing véi cac cau hoi goi mé ciia GV, gitp HS thao luan
dé nhan dién, phat hién khai niém méi. O bude nay, cac cau hoi goi ma,
khoi goi, dan dat cia GV déng vai tro quan trong giup HS c6 thé phat hién
dugc khai niém (c6 thé khong chinh xac hoan toan). Pay 1a budc tap trung
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vao viéc kham pha khai niém méi can truyén dat, la muc tiéu chinh cua
viéc day hoc hiéu khai niém. Trong budce 5, GV phat biéu va cung cd khai
niém mai cho HS. Pay 1a budc rat can thiét, GV co trach nhiém két luan
chinh xac khai niém can truyén dat dya trén nhitng gi cic em kham pha
sau budc GQVD va kham pha khai niém. Dong thoi, budc nay 1a budc
van dung mutrc d6 hiéu khai niém dé giai quyét van dé thuc té moi lién
quan, qua d6 cung ¢b va khic sdu mirc d6 hiéu khai niém cho HS.

Tiép can day hoc giai quyét van dé cho HS dugc chiing toi cai tién
mét s6 budc trong tiép can day hoc gdm ba giai doan va nim budc day
hoc hiéu khai niém dugc dé xuét trén ddy, xac dinh ngoai budc dau tién
(chuan bi, gisi thiéu van dé thuc té) va budc cudi cing (két luan, thuc
hanh), cac budc con lai cia tiép can day hoc duogc thiét ké dua vao qua
trinh GQVP cuia PISA 2021, nhim nang cao cac nang luc thanh t6 cia
ning luc GQVD duge dé xuit & muc 2.3.1.

O budc 1, viec GV xéac dinh céc kién thirc toan hoc can thiét khi dua
ra cac van dé thuc té khoi dau 1a hét stc can thiét, vi nhu thé s& dam bao
rang kién thirc (khai niém/quy trinh) duoc sir dung dé giai quyét cac van
dé thuc té dua ra 1a phi hop véi nhitng gi cac em di duoc hoc truge do.
Budc 2, budce 3 va budce 4 tuong tng véi ba budc giai quyét van dé cua
qué trinh GQVD cua khung PISA 2021, duoc thiét ké nham hinh thanh,
rén luyén va nang cao ba nang lyc thanh t ciia ning lyc GQVD cua HS.
Trong cac budc ndy, HS cung lam viéc nhom dé thao luan, chia sé y tuong,
toan hoc hoa van d& thuc té, xac dinh mé hinh toan, Iya chon va van dung
cac KTKN va KTQT thich hop d¢ GQVD. Sau khi cac nhom tim duoc loi
giai cho van d&, mot sb HS s& dai dién nhom trinh bay, GV t6 chuc cho
HS nhan xét va danh gia két qua thu duoc. Qua ba budc nay, HS dugc rén
luyén, phét trién cac nang lyc thanh té cia nang luc GQVD vé ndi dung
phuong trinh. Muc dich chinh ciia budc 5 nham gitip cac em HS kham phé
quy trinh GQVD cua khung PISA 2021, dugc GV xac nhan chinh xac quy
trinh nay, qua dé duoc rén luyén cac bude GQVD thong qua cac van dé
thuc té méi duoc GV dua ra.

Két qua nghién ciru tir thuc nghiém day hoc cho thay viéc ap dung
cac tiép can day hoc theo bdi canh gom ba giai doan va nim budc dugc
dé xuat trong day hoc hiéu khai niém va giai quyét van dé vé noi dung
phuong trinh mang lai hiéu qua tét, thiic ddy KTKN va nang lyc GQVD
vé noi dung phuong trinh ciia HS.
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5.1.3. Hiéu qua cua tiép can day hec theo béi canh trong day hoc hiéu
khai niém phwong trinh ciia hoc sinh

Mtrc d6 hiéu khai niém phuong trinh cta HS sau thyc nghiém day
hoc dugc xac dinh bang céc tidu chi cu thé & Bang 4.13. Két qua cho thay
HS hiéu va van dung tot cac khai niém lién quan dén phuong trinh duoc
GV trang bi. So sanh két qua caa HS gitra bai kiém tra pretest va bai kiém
tra posttest (Hinh 4.1, Bang 4.16), so sanh thé hién cta HS trong qué trinh
khao sat & giai doan 2 voi két qua bai lam ctua HS qua bai kiém tra du ra
(posttest) (Bang 4.17), dan dén két luan ring viéc ap dung tiép can day
hoc hiéu khai niém gom ba giai doan va nim budc mang dén hiéu qua tot,
thiic day thuc sy KTKN vé noi dung phuong trinh ctia HS.

Két qua phong van HS sau thuc nghiém day hoc cho thiy HS thuong
gap nhiéu kho khan trong viéc hiéu y nghia cta khai niém dé lya chon ung
dung phu hop trong GQVD. HS rat thich cac tiét hoc sir dung tiép can day
hoc theo béi canh, thich cac van d& thuc té véi noi dung gan giii, thich
duogc 1am viéc nhém, vai sy kich thich sang tao va nhidu himg thii. Hon
nita, qua qua trinh giai quyét cac van dé thuc té, HS hiéu hon vé khai niém,
duoc rén luyén quy trinh lién quan dén khai niém, 1’1'ng dung nguoc lai dé
hiéu biét sau h0’n vé khai nlem gitap HS glal quyét van dé tét hon. HS
dugc phong van dé nghi ring GV nén ting sb 1uong bai toan van dung
khai niém trong cac gid hoc trén 16p dé cac em c6 diéu kién rén luyén kha
ning GQVD lién quan dén khai niém.

Day hoc hiéu khai niém 13 mét viéc kho, mudn thic ddy KTKN cho
HS, GV cén phai c6 thém thoi gian va can c6 cac tiép can day hoc thich
hop, kich thich tinh t6 mo, kham pha kién thirc méi cua HS. Hon nira,
muén khic sdu KTKN vé mét ndi dung kién thuc cu thé, GV can giao
thém cac nhiém vu lién quan dén kién thirc d6 dé HS ¢6 co hoi dugce rén
luyén, dan hinh thanh y thirc coi trong viéc hiéu can than khai niém trudc
khi ap dung trong giai quyét van dé. Khai niém s& duoc hiéu su va van
dung tot khi gan né vai viéc giai quyét mot van dé cu thé.

5.1.4. Hiéu qua cia tiép can day hoc theo bdi canh trong day hoc giai
quyét van dé vé ndi dung phwong trinh ciia hoc sinh

Dua trén két qua phan tich va danh gid mirc do hiéu cach GQVD cua
HS trong tiét day hoc chu d& “Giai quyét van dé lién quan dén phuong
trinh bac nhét va bac hai” chang t6i két luan duoc rang HS dat dugc mirc
d6 hiéu cach GQVD la tét, HS hiéu duoc ba busc GQVD ctia PISA do
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GV giai thiéu va van dung tét khi giai quyét van d& thuc té méi. Ngoai ra,
so sanh két qua gitra bai kiém tra pretest va bai kiém tra posttest, so sanh
thé hién caa HS trong qua trinh khao sat & giai doan 2 véi két qua bai lam
ctia HS qua bai kiém tra dau ra (posttest) cho thiy ning luc GQVD vé noi
dung phuong trinh ctia HS dugc nang cao rd rét sau thyc nghiém day hoc.
Viéc phan tich bai 1am va so sanh cac ciu hoi cung kiéu kién thirc PCK
V6i noi dung tuong dwong & hai bai kiém tra trudc va sau ciing dugc thuc
hién. Két qua thé hién caa HS & mdi cau hoi cung loai kién thirc PCK ¢6
cai thién hon, dac biét ddi véi nhirng bai tap c6 nodi dung thuc té, phan Ion
cac em xac dinh duoc ddi tuong dé dat an so, tuy nhién, cc em van gap
kho khin va con sai sot khi lién hé kién thirc bdi canh véi cac quan hé toan
hoc dé co thé Chuyén thé van dé thuc t& v& mé hinh toan hoc. Pidu nay
ching t6 nang luc GQVD thyc té ciia hoc HS van con han ché, mic di co
cai thién qua 13 tiét thuc nghiém day hoc. GV can tao co hoi dé cac em
duoc luyén tap va trau doi cac van dé thuc té thuong xuyén hon.

Két qua phong vén cac HS sau thuc nghiém day hoc cho thdy ban dau
HS gap mot s6 kho khin khi GQVD bdi canh: Hiéu ngdn ngit vin ban cua
vén dé thuc té; lua chon kién thac thich hop dé ap dung GQVD; md hinh
hoa toan hoc van dé thyc té; giai thich két qua toan hoc nhan duoc, tinh
dung/sai, hay/chua hay cua két qua toan hoc nhan dugc. Sau thuc nghiém,
da s6 HS cho rang di hinh dung r& hon qua trinh GQVD, c6 kinh nghiém
hon trong viéc lya chon khai niém va quy trinh lién quan dén kién thuc
toan hoc dugc st dung, va cé kinh nghiém hon trong nhéan dinh tinh
dung/sai, hay/chua hay cua 10i giai van dé toan hoc, va c6 thé chuyén
nguoc dugc loi giai van dé toén hoc thanh cau tra I6i cho véan dé thyc té
ban dau. Cac em duoc phong van déu nhan thiy tim quan trong cua viéc
hiéu khai niém, boi vi hiéu y nghla ctia khai niém sé gitip cac em xéac dinh
dugc nén dung kién thirc nao dé giai quyét vin dé duoc cho. Hon nita, HS
cling nhan thiy can thiét phai thanh thao quy trinh vé kién thirc duoc st
dung trong qua trinh giai quyét van dé toan hoc. Tir d6, HS thay rang can
phai két hop linh hoat ca khai niém va quy trinh lién quan dén kién thuc
duoc sir dung trong qué trinh GQVD méi dua dén hiéu qua cao trong giai
quyét van dé thuc té.

Tuy ning luc GQVD cua HS da dugc nang 1én sau thyc nghiém day
hoc, nhung ciing phai xac dinh viéc hinh thanh va phat trién ning luc
GQVD cho HS 1a mét qua trinh 18u dai, doi hoi GV phai thuong xuyén
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long ghép cac van dé thuc té vao chwong trinh day hoc, thudng xuyén
tao co hoi cho HS thyc hanh, rén luyén viéc GQVD, lau dan méi hinh
thanh duoc tu duy va ky ning GQVD, gop phan ning cao ning luc
GQVD cua HS.

5.2. Tém tit két qua nghién ciru cia luan dn

Trén co s& ké thira va phat trién cac két qua nghién ciru trong va ngoai
nuéc vé KTKN, KTQT va KTBC cung voi mdi quan hé giira ching, mot
mit nghién ctru nay dong gop mot phan 1y luan vé su két hop caa KTKN,
KTQT va KTBC vé noi dung phwong trinh trong GQVD, mit khac nghién
clru nay con dong gop mot phan loai kién thirc duoc thiét ké dwa vao cac
khia canh quy trinh va khdi niém cua kién thirc dé 1am cong cu thiét ké
cac d& kiém tra/bang hoi/phiéu khao sat danh gia KTQT, KTKN va ning
lyc GQVD cuia HS. Nghién ctru con dong gop cac ning luc thanh té cua
ning luc GQVD cua HS. Bong thoi, nghién clru cung cap co sé 1y luan vé
mot s6 tiép can day hoc theo béi canh nhim nang cao KTKN va nang luc
GQVD vé noi dung phuong trinh cia HS. Cu thé, Luan an da dat duoc
cac két qua chinh sau day:

Q) DPé xuit mot phén loai kién thire dua vao céc khia canh khai niém
va quy trinh cuia kién thirc (dwoc goi 1a phan loai kién thic PCK), gom 5
kiéu kién thuc: PK1, PK2, CK1, CK2 va PCK, duoc sir dung lam cong cu
dé thiét ké cac phiéu khao sat, bang hoi khao sat, dé kiém tra, ... nham thu
thap dir liéu phuc vu cho cac nghién ctru trong luan an.

(2) Khao sat kha ning st dung KTKN, KTQT, kha ning két hop KTKN
va KTQT v6i KTBC vé ndi dung phuong trinh trong GQVD ciia HS.

(3) Pé xuét cac nang luc thanh t6 cia ning luc GQVD vé noi dung
phuong trinh dwa trén Khung PISA 2021; khao sat nang lyc GQVD vé noi
dung phuong trinh cua HS.

(4) Bé xuat mot tiép can day hoc theo bdi canh gom ba giai doan va
nam budc day hoc hiéu khai niém va day hoc giai quyét van dé vé noi
dung phuong trinh.

(5) Ap dung tiép can day hoc theo bi canh gém ba giai doan va nim
budc duoc dé xuat trong thuc nghiém day hoc hiéu khai niém nham thuc
day KTKN V& noi dung phuong trinh caa HS.

(6) Ap dung tiép can day hoc theo béi canh gém ba giai doan va nim
budc dugc dé xuat trong thuc nghiém day hoc giai quyét van dé nham
thiic day nang luc GQVD veé noi dung phuong trinh ciia HS.
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5.3. Pong gop ciia nghién ciru

Nhitng két qua dat dugc cua luin an c6 nhitng dong gop nhét dinh
vé mit 1y luan va vé mat thuc tién cho Gido duc toan, dic biét dap tng
dugc xu thé day hoc phat trién nang lyc cua HS dang dugc trién khai
hién nay ¢ Viét Nam va trén thé gigi. Cu thé, luan 4n c6 nhitng dong
gOp sau:

V@ Iy luan: Trén co so ké thira va phat trién cac két qua nghién ciru
trong va ngoai nudc vé KTQT va KTKN cung véi mbi quan hé gitra
chung, mot mat nghién ciru nay dong gbp mot phan 1y luan vé su két hop
ciia KTKN va KTQT vé6i KTBC vé noi dung phwong trinh trong GQVD
cua HS, mit khac nghién ctru nay con dong gép mot phan loai kién thic
duoc thiét ké dua vao cac khia canh khai niém va quy trinh cuia kién thic
dé 1am cong cu thiét ké cac d& kiém tra/bang hoi/phiéu khao sat danh gia
KTKN, KTQT va ning luc GQVD vé noi dung phuong trinh cua HS.
Nghién ctru con déng gop cac ning luc thanh té cia ning luc GQVD cua
HS. Bong thoi, nghién ctru cung cip co sd 1y luan vé mot sé tiép can day
hoc theo bdi canh nhim thiic ddy KTKN va ning lvc GQVD vé noi dung
phuong trinh cua HS.

Vé thyec tién: Nghién ctru nay cung cap két qua khao sat thuc trang
vé kha nang sir dung KTKN, KTQT, kha ning két hgp KTKN va KTQT
v6i KTBC, ning luc GQVD vé ndi dung phuong trinh ciia HS khu vuc
Nam Trung Bo va Tay Nguyén. Trén co s¢ d6, ludn an dé xuat mot sb tiép
can day hoc theo béi canh, 4p dung trong thuc nghiém day hoc hiéu khai
niém va giai quyét van dé, thac day KTKN va nang luc GQVD vé noi
dung phuong trinh cua HS.

5.4. Kién nghi

Dé dat dugc cac muc tiu cla Chuong trinh GDPT mén Toén (2018),
dwa trén két qua cuia cac nghién ctru duoc thyc hién trong luan an, ching
t6i c6 mot sé kién nghi sau:

(1) Poi véi chwong trinh SGK mén Toan

e B0 sung thém cac dang bai tap kiém tra KTKN trong muc “Cau
hoi va bai tap” va muc “Luyén tap” & cudi mdi bai hoc hodc cudi mdi
chuong trong SGK.
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e Bb sung thém cac vén dé thuc té khi dat van dé cho céc kién thic
toan hoc can day, dong thoi, bd sung thém van dé thyc té trong hoat dong
luyén tap & cubi mdi bai hoc hodc cudi mdi chuong trong SGK.

Viéc dat van dé thuc té dé dan dat sy xuat hién cta khai niém tao cho
HS cam giac hung thu, thu hit sy chu y cua cac em. Hon nira, giap HS
thdy duoc khai niém toan hoc c6 tng dung trong thuc té gan giii voi cac
em. Viéc dua vin dé thuc té vao hoat dong luyén tap cudi mdi bai hoc
nhiam rén luyén cho HS kha ning van dung khai niém va quy trinh lién
quan dén khai niém da duoc hoc trong GQVD, nang cao nang lyc GQVD.

e B0 sung thém cac cau hoi luyén tap & dang két thiic mo dé HS thé
hién nhan thirc ctia ca nhan va van dung sang tao kién thie duoc hoc. Chu
¥ dén mot s6 cau hoi két thuc mo yéu cau HS dwa ra mot van dé thuc té
van dung kién thirc khai niém vira dugc hoc, chang han, lién quan dén
kién thurc vé PTBI, yéu ciu HS tra loi cau hoi c6 dang nhw: “Em hdy dua
ra mét van dé c6 ngi dung lién quan dén tai chinh c6 thé chuyén vé gidi
phicong trinh 2X+100=7Xx.”

e B sung thém cac van dé thyc té mang tinh tich hop lién mén vao
phan luyén tap cudi mdi chuong, giita mén Toan va cac mon hoc khac
nhu Vét i, Hoa hoc, Sinh hoc, Dia li, Tin hoc, Cong nghé, Lich sir, Nghé
thuat,..., tao co hoi dé hoc sinh duoc trai nghiém, 4p dung toan hoc vao
thuc tién, tao diéu kién cho HS rén luyén va ning cao ning luc GQVD,
g6p phan dat duoc myc tiéu ciia chuong trinh GDPT mén Toan.

(2) Poi véi Gido vien Toan

e GV nén tang cuong day hoc hiéu khai niém cho HS, gitip HS hiéu
¥ nghia cua khai niém sé& gitip cac em chi dong van dung trong giai quyét
van dé. Tang cudng cac hoat dong luyén tap, thuc hanh hiéu khai niém
cho HS qua hé thdng cau hoi trén 16p va bai tap vé nha.

e GV nén sir dung céc tiép can day hoc theo bdi canh dé day hoc hiéu
khai niém cho HS, ap dung nhiéu k¥ thuat day hoc tich cuc trong t6 chirc
day hoc, nham mang lai hiéu qua day hoc tét nhat.

e GV nén tang cuong day hoc va rén luyén cho HS két hop KTKN
va KTQT véi KTBC dé giai quyét van dé toan hoc va giai quyét cac van
dé thuc té. Cac hoat dong rén luyén ctia GV cho HS thuong xuyén dugc
long ghép trong hoat dong day 1y thuyét, trong gio bai tap, thuc hanh,
trong cac hoat dong ngoai khoa.
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e GV nén ting cudng cac hoat dong hinh thanh va phat trién ning luc
GQVD cua HS, gdm ca van dé toan hoc 13n van dé thuc té, trong 16p hoc
va cac hoat dong ngoai khoa. Cac hoat ddng nay bao gém: Lua chon tiép
can day hoc mang tinh kién tao nham nang cao nang luc GQVD cua HS;
ap dung cac k¥ thuat day hoc tich cuc trong day hoc GQVD; da dang hoa
trong thiét ké cac dé kiém tra, danh gia nang luc GQVD cua HS.

Tiép can day hoc theo bdi canh gdm ba giai doan va niam budéc day
hoc giai quyét van dé dugc tac gia dua ra trong luan an 1a mot phuwong an
ma GV & phd thong c6 thé st dung. Bén canh do, cach thiét ké dé kiém
tra dap ung nam kiéu kién thuc cia phan loai kién thic PCK, két hop voi
cac cau hoi két thuc mo, giap GV cé mét su lya chon trong thiét ké cac
dé kiém tra danh gia nang luc GQVD cua HS.

e GV nén chu dong hon nita trong viéc to chic day hoc theo chuyén
dé/chu d&, chu dong lua chon kién thirc va cach thirc t6 chirc hoat dong
day hoc, chi can dap tmg duoc muc tiéu ciia bai hoc/chuwong. Su chu dong
s& giup GV c6 diéu kién vé mit thoi gian dé thuc hién cac tiép can day
hoc mang tinh kién tao va ap dung duoc cac k¥ thuat day hoc tich cuc
trong day hoc chuyén dé/chu dé.

(3)Poi V6i cac nha quan ly gido duc

e Kiém tra, giam sat viéc bién soan cac bd SGK mon Toan cac cép
hoc theo diing cac muc ti€u ctia chuong trinh GDPT mo6n Toan (2018);
dung cac yéu cau can dat; cac ndi dung gido duc, trong d6 co cach thic to
chirc cac hoat dong trai nghiém va hé thong chuyén dé; phuong phap gido
duc, va phuong phap danh gia két qua giao duc.

Céac nha quan 1y gido duc quan tdm hon dén cac ndi dung dé xuat
trong muyc (1) dé b6 sung vao chuwong trinh SGK bién soan theo Chuong
trinh GDPT mon Toan (2018).

e Trong céc khoa tap huan thuc hién chuong trinh GDPT mén Toén
danh cho GV Toén, cac nha quan Iy gido dyc cin quan tdm hon dén viéc
tap hudn d6i moi phuong phap day hoc, dic biét 1a cac tiép can day hoc
mang tinh kién tao, tiép can day hoc theo béi canh; quan tim hon dén tap
huan d6i méi cong tac kiém tra, danh gia HS v6i muc dich nang cao ning
luc toan hoc cua HS.
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e Giao cho GV nhiéu quyén tu cha hon trong viéc té chirc hoat dong
day hoc, khuyén khich GV day hoc theo chii dé/chuyén dé, khuyén khich
cac hoat dong sang tao cua GV trong day hoc phat trién ning luc cua HS,
dac biét quan tim dén day hoc thac déy kién thtrc khai niém, nang luc
thanh thao quy trinh, va nang lyc GQVD toan hoc cua HS.

5.3. Gi¢i han va hwéng mé rong ciia dé tai

Phuong trinh 1a mét ngi dung quan trong trong chuong trinh toan pho
thong, gan voi HS tir bac tiéu hoc dén bac THPT. Khai niém phwong trinh,
tap xac dinh va nghiém cua phuong trinh, cac phuong trinh twong duong,
phuong trinh hé qua,... 1a cac khai niém thuong gay khé khan cho HS
trong giai toan va giai quyét van d& lién quan.

Khung 1y thuyét va thuc nghiém caa luan an dugc giéi han thuc hién
trén kién thic 1a phuong trinh, gém PTB1, PTB2, phuong trinh quy vé
PTBI1 va PTB2.

Hon nita, dbi trong nghién ctru va dbi trong thuc nghiém cua luan an
cling duoc gidi han trén HS 16p 10 tai cac truong THPT trén dia ban cac
tinh Nam Trung Bo va Tay Nguyén. C6 hai nguyén nhan chinh dé ching
t6i tip trung nghién ctru trén di twgng HS 16p 10. Thir nhét, khai niém
phuong trinh dugc dién dat theo ngdn ngir cia ham s va ménh dé chua
bién duoc dua vao trong chuong trinh Pai s6 10 (nang cao). Thir hai, Viét
Nam rat quan tdm va dau tu cho Chuong trinh dénh gia HS qudc té (PISA),
Vv6i d6i twong HS tham gia khao sat va danh gia tir 15 tudi 3 thang dén 16
tudi 2 thang, 1a nhitng HS ¢ cudi nam 16p 9 va dau nam 16p 10 trong
chuong trinh phé théng. PISA dé cao ning luc toan hoc, trong d6 ¢ ning
lyc giai quyét van dé cia HS, rat phii hop véi muc tiéu cia Chuong trinh
GDPT mén Toan (2018). Do d6, HS I6p 10 1a dbi twong chung t6i quan
tam tép trung nghién ciu.

Mit khac, do luan an tap trung nghién ctru cac khia canh quy trinh
va khai niém cua kién thuc, ciing nhu kha niang cia HS trong két hop
hai loai kién thire d¢ GQVD, nén trong s cac ning lyc thanh té ¢t 16i
clia nang lyc toan hoc duge dua ra boi Hoi dong Nghién ciru Hoa Ky
(NRC, 2001) va Chuong trinh GDPT moén Toan (2018), chung t6i chi
giéi han nghién ciru cac nang lyc hiéu khai niém, thanh thao quy trinh
va giai quyét van dé.
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Mot s6 hudng mé rong dé tai nghién ctru cia luan an.

(1) M6 rong khung 1y thuyét va thuc nghiém day hoc cua luan 4n cho
cac loai kién thirc khac v6i phwong trinh, ching han nhu bat phuong
trinh/hé bat phuong trinh, gigi han, dao ham, .... Twong ung véi kién thuc
dugc mé rong nghién ciru, chung toi ciing s& ma rong dbi turong tham gia
nghién ctru sang HS cac cép hoc cao hon, hoac la sinh vién tai cac truong
dai hoc, cao dang.

(2) Thuc hién khao sat cac nhan t6 anh huéng dén cac ning luc toan
hoc ctia HS, nhu nang luc hiéu khai niém, nang luc thanh thao quy trinh,
nang luc GQVD, nang luc mé hinh hoa toan hgc,... trén co sé do dé xuét
cac tiép can day hoc nhim nang cao cac ning luc thanh t6 nay cia ning
luc toan hoc cua HS.
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PREFACE

Mathematics is a branch of science that has many applications in life.
Basic knowledge and skills of mathematics have helped people to
systematically and accurately solve real-life problems, contributing to
promoting social development (MOET, 2018) .

According to Rittle-Johnson and Koedinger (2005) "Well-structured,
organized knowledge allows people to solve novel problems and to
remember more information than do memorized facts or procedures”. To
have such a good structure requires students to combine conceptual
knowledge (KTKN) and procedural knowledge (KTQT) with contextual
knowledge (KTBC) on a specific content knowledge.

Starting from the book of J. Hiebert (1986), conceptual knowledge and
procedural knowledge are widely used in teaching and learning
mathematics. Conceptual knowledge and procedural knowledge represent
essential components of the mathematical competence (Hiebert & Lefevre,
1986; Rittle-Johnson & Alibali, 1999; Star, 2005; Baroody, Feil, &
Johnson, 2007; Schneider & Stern, 2010; Schneider, Rittle-Johnson, & Star,
2011; Star & Stylianides, 2013; Rittle-Johnson & Schneider, 2015).
Students learn effectively when they themselves can relate and connect
learned concepts and procedures with real-life situations (Danquah, 2017).

According to Van de Walle (2019), "Procedural: task- oriented
knowledge which may or may not connected to conceptual knowledge".
Moreover, "To the extend that procedural knowledge is intimately
connected with conceptual knowledge, procedures and symbolism
become powerful tools in the construction of new knowledge."

However, now in Vietnam, there are very few studies on the
procedural and conceptual aspects of knowledge, as well as research on
the integration of the contextual knowledge with the conceptual and
procedural knowledge in problem-solving (Tran Vui, 2018). Therefore,
studying and investigating students' ability in applying conceptual and
procedural knowledge, to combine contextual knowledge to conceptual
and procedural knowledge to solve problems related to a specific
mathematical knowledge is necessary and meaningful.

In the current trend of math education, besides STEM education,
Realistic Mathematics Education (RME) is attracted by many authors all
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over the world and in Vietnam. The purpose of RME is to change and
innovate math teaching methods around the world. The basic principles
of RME are "Mathematics is closely related to reality, and mathematics is
the result of human activity" (Freudenthal, 1973, 1991). Therefore,
learning mathematics is not only about listening, understanding and
receiving available knowledge transferred one way from teachers, but
learning mathematics is the process of transfering realistic problems,
solving realistic problems to construct concepts, procedures, algorithms
under the guidance and suggestion of teachers. The way to build realistic
mathematical knowledge is considered as an interesting argument in
RME, in Vietnam and other countries around the world.

In order to promote students' mathematical understanding and let
students recognize the connection between mathematics and reality, in
RME, real contexts are often used. Because of that, students discover
concepts and knowledge by the request of teachers in their own way.
According to Javier Diez-Palomar (2006), mathematics is often difficult
to connect with the daily life of students. Therefore, a situation related to
reality, a problem with realistic content will generate learning motivation
and mathematics interesting for students.

A person solving a realistic problem faces an important task of verifying
and confirming consistency of the realistic solution with the situation model
which in fact represents his/her understanding of a given real problem
situation. Many students with intuitive verification of consistency but unable
to explain why they adopted a certain solution or why they rejected it. They
have relied on their feelings and experience (Coti¢ & Felda, 2011).

In Vietnam, one of the common goals of the school mathematical
education curriculum (2018) is to "develop problem-solving ability with
interdisciplinary integration between mathematics and other subjects”,
""create opportunities for students to learn experience, applying mathematics
in practice...”. Therefore, investigating and proposing solutions to promote
students' ability in combining contextual knowledge with conceptual and
procedural knowledge is one of the important contents, consistent with the
viewpoints of RME and contribute to achieving the goals of the school
mathematical education curriculum (2018).

Equations are important topics in the high school mathematics
curriculum. Knowledge and skills of equations are presented throughout



elementary schools through universities. Knowledge of equations is the
key to solving many problems within mathematics, interdisciplinary
science and applied to daily life. Therefore, when writing the introduction
for the translation of the book “the 17 equations that changed the world”
by author lan Stewart (2012) (translated by Pham Van Thieu - Nguyen
Gia Khanh, 2015), Prof. Ngo Bao Chau believed that “...the beauty of
mathematics lies in the equations.” In his book, Stewart observes:
“Equations are the lifeblood of mathematics, science, and technology.
Without them, our world would not exist in its present form.”

In the questions of the Programme for International Student
Assessment (PISA) (OECD, 2003, 2012, 2018), linear and quadratic
equations/functions are mathematical knowledge used to test students’
algebra skills, which are included in the questions in the form of realistic
problems. Although equations are an important topic in algebra curricula
at high schools around the world, it seems that researchs related to
teaching and learning equations is quite scarce in algebra education
research (Vaiyavutjamai & Clements, 2006; Kieran, 2007). When solving
problems involving equations, students often memorize formulas,
procedures, and algorithms without paying attention to their structure and
conceptual meaning (S6nnerhed, 2009).

Therefore, in the thesis, we focus on studying conceptual and
procedural knowledge of equations, concentrating on grade 10 Algebra
curriculum (basic and advanced).

The objective of the thesis is to investigate students’ conceptual and
procedural knowledge, and their ability to combine conceptual and procedural
knowledge with contextual knowledge to solve realistic problems on equations;
investigate students’ problem-solving competence of equations. Based on these
investigations, we design teaching approaches to promote students' conceptual
knowledge and problem-solving competence of equations.

To achieve this objective, in the thesis, we use the mixed research
method, combining quantitative and qualitative research methods
(Creswell, 2012) to design research, collect and analyze data. We propose
a knowledge classification based on the procedural and conceptual aspects
of knowledge, which we call the PCK knowledge classification, to design
tests and questionaires on conceptual and procedural knowledge, as well
as their ability to combine conceptual and procedural knowledge with



contextual knowledge to solve problems on equations. We propose
components of students' problem-solving competence based on the
problem-solving process of the PISA theoretical framework 2021 (OECD,
2018), and design scales including criteria to measure these components
of problem-solving competence. We propose teaching approaches
including stages and steps of contextual teaching to design experimental
lessons for grade 10 students in the South Central region and the Central
Highlands to promote students’ conceptual knowledge and problem-
solving competence on equations.

In addition to the introduction, conclusion and references, the main
content of the thesis is organized into five chapters.

In Chapter 1, we give an overview of researchs on types of knowledge
that supports solving mathematical problems, including procedural
knowledge, conceptual knowledge and contextual knowledge; at the same
time, we analyze the difficulties of students when combining conceptual
and procedural knowledge with contextual knowledge of equations in
solving realistic problems, which allow us to determine the research
objectives and research questions.

In Chapter 2, we propose a theoretical framework for the thesis, in
which we analyze the knowledge of equations in the Algebra 10 textbook
(basic and advanced), statistics on the percentage of exercises assess
conceptual knowledge, procedural knowledge, and the combination of
conceptual and procedural knowledge with contextual knowledge in
lectures on equations, based on which, we propose conceptual and
procedural knowled for the knowledge of equations. We propose a
knowledge classification based on the procedural and conceptual aspects
of knowledge, which we call the PCK knowledge classification, to assess
students’ mathematical understanding and the ability to combine
contextual knowledge to conceptual and procedural knowledge on
equations in problem-solving. Based on the PISA theoretical framework
2021, we propose the components of the problem-solving competence, as
well as the criteria to assess these components. We also introduce
contextual teaching approaches and propose contextual teaching
approaches to promote students' conceptual knowledge and problem-
solving competence of equations.



In Chapter 3, we present the research methods to answer the research
questions posed in the thesis, in which we analyze the research design,
participants, research tools, experimental design and data analysis methods.

In Chapter 4, we present the research results of the thesis, answering
the research questions raised in the thesis, including: (1) Investigating
students’ ability to use conceptual and procedural knowledge, and the
combination of three types of knowledge of equations in problem-solving;
(2) Proposing a contextual teaching approach in order to apply in teaching
concepts and problem-solving on knowledge of equations for students; (3)
Evaluating the effectiveness of the suggested contextual teaching
approach in teaching concepts of equations for students; (4) Evaluating
the effectiveness of the suggested contextual teaching approach in
teaching problem-solving on equations for students.

Finally, in Chapter 5, we conclude the research results obtained in the
thesis, answering the research questions raised in the thesis. From that, we
propose some suggestions, limitations and some future works of the topic.

Chapter 1. RESEARCH PROBLEMS

1.1. Three types of knowledge supporting problem-solving process

1.1.1. Conceptual knowledge

1.1.2. Procedural knowledge

1.1.3. Relationship between conceptual and procedural knowledge

1.1.4. Quality and type of knowledge

1.1.5. Contextual knowledge

1.1.6. Connection of three types of knowledge in realistic problem-
solving process

1.2. Mathematical competence

1.2.1. Mathematical competence and the role of three types of knowledge
in the formation of students’ mathematical competence

1.2.2. Some researchs related to mathematical competence and its
relation to three types of knowledge

1.3. The reality of using three types of knowledge to solve realistic

problems related to equations

1.3.1. The role of knowledge of equations and the reality of assessing

three types of knowledge of equations in Algebra 10 curriculum



1.3.2. Students’ difficulties in using three types of knowledge to solve
realistic problems related to knowledge of equations

1.4. Research problems

1.5. Objectives and research questions

The main objective of the thesis is to investigate conceptual and procedural
knowledge and students’ ability to combine conceptual and procedural
knowledge with contextual knowledge of equations to solve realistic problems;
to investigate students’ problem-solving competence of equations; based on
that, studying to design teaching approachs to promote students’ conceptual
knowledge and problem-solving competence on equations.

Research questions:

e Question 1. How is the conceptual and procedural knowledge of
equations and how is students’ ability to combine conceptual and
procedural knowledge with contextual knowledge of equations?

e Question 2. How to apply contextual teaching approachs to
promote students’ conceptual, procedural knowledge and problem-
solving competence of equations?

e Question 3. How is the change of students’ conceptual knowledge
when participating in a class using contextual teaching approachs in
teaching concepts of equations?

e Question 4.How is the change of students’ problem-solving
competence when participating in a class using contextual teaching
approachs in teaching problem-solving on equations?

Chapter 2. THEORETICAL FRAMEWORK

2.1. Conceptual and procedural knowledge of equations

2.1.1. The knowledge of equations in Algebra 10 textbook (basic)
2.1.2. The knowledge of equations in Algebra 10 textbook (advanced)
2.1.3. Conceptual knowledge of equations

2.1.3.1. Conceptual knowledge of equations in one/two variables
2.1.3.2. Conceptual knowledge of linear equations in one/two variables
2.1.3.3. Conceptual knowledge of quadratic equations in one variable
2.1.4. Procedural knowledge of equations

2.1.4.1. Procedural knowledge of equations in one/two variables
2.1.4.2. Procedural knowledge of linear equations in one/two variables



2.1.4.3. Procedural knowledge of quadratic equations in one variable

2.2. Classification of mathematics tasks based on conceptual and
procedural knowledge

2.2.1. Knowledge types of the PCK knowledge classification

2.2.2. The PCK knowledge classification for one variable equations
2.2.3. The PCK knowledge classification for linear equations in one variable
2.2.4. The PCK knowledge classification for quadratic equations in one
variable

2.3. Problem-solving competence and scales measure problem-solving
competence

2.3.1. Problem-solving competence

2.3.2. Scales measure problem-solving competence

2.4. Teaching approachs promote students’ conceptual knowledge
and problem-solving competence

2.4.1. Contextual teaching

2.4.2 Contextual teaching stages to promote students’ conceptual knowledge
2.4.3. Combining the PISA’s problem-solving process with contextual
teaching stages to promote students’ problem-solving competence

Chapter 3. RESEARCH METHODS

3.1. Research design

The research process in the thesis is designed into three stages to
answer the research questions posed above.

Stage 1: Investigating the ability of grade 10 students in combining
conceptual and proedural knowledge to solve problems related to the
knowledge of equations in order to understand the reality and make
initial judgments about this ability of grade 10 students. Survey 1 was
conducted in the 15th week of the 1st semester of the 2017-2018 school
year, at this time students had finished studying the chapter "Equations
and systems of equations".

Stage 2: Investigating students’ conceptual knowledge, procedural
knowledge, and their (realistic) problem-solving competence on the
knowledge of equations, which help to design experimental research.
Survey 2 was conducted in the 14th week of the 1st semester of the school
year 2018-2019. At this time, students also finished studying the chapter
“Equations and systems of equations”.



Stage 3: Implemented for nine consecutive weeks in the first semester
of the school year 2019-2020, from October 19, 2020 to the end of
December 21, 2020. After analyzing the survey results in the stage 1 and
the stage 2, studying the theoretical basis, we built detailed lesson plans
(13 hours) based on the contextual teaching approachs proposed in
Chapter 2, in order to promote students’ conceptual knowledge, the ability
to combine conceptual knowledge and procedural knowledge, the
problem-solving competence on knowledge of equations, conduct
experimental teaching to evaluate the effectiveness of the proposed
teaching approaches.

3.2. Participants

- Atotal of 154 grade 10 students in three high schools in Quy Nhon
city, Binh Dinh province participated in the survey in stage 1.

- Atotal of 494 grade 10 students participated in the survey in stage
2. All grade 10 students participated in the survey are studying the
advanced Algebra 10 textbook.

- A total of 257 students participated in the teaching experiment in
stage 3.

- There are 06 mathematics teachers participating in the teaching
experiment in stage 3, who come from Nguyen Dieu high school (Binh
Dinh province), Kon Tum high school (Kon Tum province) and Phan
Dinh Phung high school (Phu Yen province).

3.3. Research tools

- Survey questionnaire 1

- Survey questionnaire 2
Pretest
Questionnaire for understanding concepts of equations

- Posttest

- Interviewed questionnaire
3.4. Designing experimental teaching

In order to evaluate the feasibility and effectiveness of the three-stage,
five-step teaching approach to promote students' conceptual knowledge
and problem-solving competence of equations, we conduct teaching
experiments on three topics, including 13 lessons with knowledge in
chapter 3 of Algebra 10 curriculum.



3.5. Data analysis

- To assess the knowledge categories PK1, PK2, CK1, CK2 and PCK
in survey questionnaires and tests, we use a 4-point scale.

- To assess students’ problem-solving competence, we use the scale
to measure components of the problem-solving competence proposed in
chapter 2. The score of the problem-solving competence of each task is
calculated by the arithmetic mean of the scores of each components and
classified into 4 levels.

- For quantitative analysis of the collected data, we use the IBM SPSS
Statistics 22 software.

- Moreover, we use gqualitative method to analyze answers in survey
questionnaires and tests to recognize mistakes and difficulties in
knowledge categories PK1, PK2, CK1, CK2 and PCK as well as
expressing the components of students’ problem-solving competence of
the knowledge of equations.

Chapter 4. RESEARCH RESULTS

4.1. Student's ability to use conceptual knowledge, procedural
knowledge, and to combine three types of knowledge of equations in
problem solving

To investigate students’ ability to use conceptual knowledge,
procedural knowledge and to combine conceptual and procedural
knowledge with contextual knowledge of equations in problem-solving,
we designed a questionnaire consisting of 15 questions with 25 tasks,
agreeing to cognitive categories of the PCK knowledge classification. The
content of 15 questions in the questionnaire focuses on five areas of
knowledge: (1) Solving equations, (2) Existing of roots of equations, (3)
Reading graphs, (4) Relationship between graph representation and
algebraic representation of equations, (5) Applying equations to solve
realistic problems.

We used a designed questionnaire to investigate 494 grade 10
students at some high schools located in provinces: Binh Dinh, Phu Yen,
Khanh Hoa, and Kon Tum. After collecting solutions of 494 students at
the investigated high schools, we evaluated, synthesized and analyzed the
collected data using the IBM SPSS Statistics 22 software.



Research results show that:

- The obtained ratio (%) of the average score over the highest possible
score of the tasks assessing procedural knowledge is much higher than the
obtained ratio of those assessing conceptual knowledge.

- In particular, the obtained ratio (%) of the average total score of the
tasks assessing procedural knowledge is 64.87% over the highest possible
total score, much higher than the average ratio of the total score of those
assessing conceptual which is 47.58%. It means that students' procedural
knowledge of linear equations is much higher than conceptual knowledge.

- The average total score of the tasks assessing the ability to combine
three types of knowledge of equations in problem solving is very low,
with the ratio (%) of the average total score over the highest possible total
score is 29.59 %.

- In particular, the average score of tasks assessing realistic problem-
solving ability is also very low, with the obtained average ratio (%) of the
IPCK3 variable over the highest possible score is 29.06%.

4.2. Students’ problem-solving competence on knowledge of equations

To investigate students' problem-solving competence on knowledge
of equations, we used a questionnaire consisting of 04 questions with 09
tasks, selected among 15 questions designed to measure students’ ability
to use conceptual knowledge, procedural knowledge and the ability to
combine three types of knowledge of equations in problem-solving as
presented in the previous section (including Problem 12, Problem 13,
Problem 14 and Problem 15). We use the scale to measure components of
students’ problem-solving competence proposed in chapter 2 to survey
494 grade 10 students at high schools in the provinces: Binh Dinh, Phu
Yen, Khanh Hoa, Kon Tum, evaluate the achievement level of each
student for each task.

Statistical results on students’ scores show that:

- When solving each task, students had their difficulties in
“mathematicalising” “real situations” to built a correct “mathematical
model”, and in “interpreting” “mathematical solutions” to “realistic
solutions” for realistic problems.

- Students who have exactly established the situation by mathematical
methods often have few errors in applying procedural knowledge to solve
the established problems. Moreover, students who could solve exactly
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established problems by mathematical methods, students almost
accurately interpret solutions back into the problem situations and
accurately determine the rationality and meaning of solutions in the
problem situations.

The findings show that students' problem-solving competence of
equations is very weak.

4.3. Contextual teaching approachs to promote students’s conceptual
knowledge of equations

In this section, we present the research results on the application of a
contextual teaching approach consisting of three stages and five steps
proposed in Chapter 2 to teaching experiment on the topic "Fundamentals
on equations™ in the Advanced Algebra 10 curriculum to promote
students’ conceptual knowledge of equations.

The teaching experiment was conducted for 9 consecutive weeks from
October 19, 2020 to December 21, 2020 for grade 10 students at Nguyen
Dieu High School (Binh Dinh province), Kon Tum High School (Kon Tum
province) and Phan Dinh Phung High School (Phu Yen province), with
specific plans for each week described in detail in the thesis.

In the second week of the experimental teaching process, we used a
pretest to investigate the understanding and available knowledge of
equations of 257 grade 10 students at three high schools, with two classes
in each high school.

At the end of the teaching experiment, in the 9th week, all 257 students
participating in this study continued to do a posttest in order to assess students'
progress in understanding the concept of equations after the experimental
teaching process.

With the purpose to assess students’s progress on conceptual
knowledge of equations after the teaching experiment, the questions are
designed to meet the cognitive levels CK1, CK2 and PCK of the PCK
knowledge classification.

We compared the progress of students’ conceptual knowledge of 257
students after the teaching experiment by comparing the percentage (%)
achieved by students for each task through pretest and posttest. Besides, we
also compare the ratio (%) of the average score of each knowledge category
CK1, CK2 and PCK of the PCK knowledge classification. To further assess
the effectiveness of the proposed three-stage and five-step teaching approach
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for understanding the concepts, we also compared the percentage (%)
achieved by the average score of each knowedge category CK1, CK2, PCK
in the PCK knowledge classification when conducting a survey of conceptual
knowledge in stage 2 of 247 students at three investigated schools in six high
schools conducted the survey, with the ratio (%) achieving of the average
score of each knowledge category CK1, CK2, PCK of 257 students at these
six high schools in the posttest.

From the above analysis and comparison between the scores of 257
students for the pretest and the posttest, we see that students' ability to
understand and apply the conceptual knowledge of equations in problem
solving is improved after experimental teaching. Moreover, comparing the
ratio (%) achieved of the average score of each knowledge category CK1,
CK2 and PCK of 17 tasks in the survey questionnaire measuring conceptual
knowledge, procedural knowledge, the ability to combine three types of
knowledge in problem-solving, measuring problem-solving competence at
the stage 2 and the ratio (%) of 11 tasks in the posttest shows that the
achievement ratio of these categories increases after teachers influence the
proposed contextual teaching approach to understand concepts.

After the teaching experiment, we conducted interviews with two
students in each experimental high school to find out the students' feelings,
way of thinking and activities when solving the contextual problems used in
the teaching approach, students’ difficulties during the process of
participating in the teaching approach to understand the concept of equations.
4.4. Contextual teaching approachs to promote students’s problem-
solving competence of equations

In this section we present the research results on applying the
contextual teaching approach consisting of three stages and five steps
proposed in chapter 2 to the teaching experiment on the topic "Solving
problems related to linear and quadratic equations” in the Advanced
Algebra 10 curriculum to promote grade 10 students’ problem-solving
competence of equations.

To assess preliminarily students’ problem-solving competence of
equations, we collect to analyze students’ scores for eight tasks Q12, Q21,
Q32a, Q32b, Q13, Q23, Q33, Q34 in the pretest who are designed to meet
the knowledge categories CK2 and PCK of the PCK knowledge
classification, three of which are realistic problems.
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At the end of the teaching experimental stage to promote students’
conceptual understanding and problem-solving competence of equations,
all 257 students participating in this research continued to do an output
test (posttest, see Appendix 5). In order to assess students’ progress of
problem-solving competence of equations after the teaching experimental
period, we collect to analyze students’ scores for 8 tasks Q12, Q21, Q32a,
Q32b, Q13, Q23, Q33, Q34 in the posttest, who are designed to meet the
knowledge categories CK2 and PCK of the PCK knowledge
classification, three of which 3 tasks are real problems.

Similar to the teaching method to promote students’ conceptual
knowledge, we compare progress of problem-solving of equations of 257
students after the teaching experiment by comparing the percentage (%)
achieved by students for each task in the pretest and the posttest. In addition, we
compare the ratio (%) of the average score of the knowledge categories CK2
and PCK in the PCK knowledge classification in two tests. At the same time,
to further evaluate the effectiveness of the three-stage and five-step teaching
approach to problem solving proposed in the thesis, we also compare the
percentage (%) achieved by the average scores of the CK2 and PCK knowledge
categories in the classification of PCK knowledge when conducting a survey of
problem-solving competence in stage 2 of 247 students at three teaching
experimental schools in the total of six high schools participated in the research,
with the ratio (%) of the average score of the knowledge categories CK2 and
PCK of 257 students at these 6 high schools in the posttest.

From the above analysis and comparison between the results of the
scores of 257 students for the pretest and the posttest, we see that students’
problem-solving competence of equations is significantly improved after
the teaching experiment. Furthermore, comparing the rate (%) of the
average scores of the knowledge categories CK2 and PCK of 13 tasks in
the questionnaire assessing problem-solving competence at stage 2 and of
11 tasks in the posttest we found that the achievement ratio of these
categories increased markedly after applying the proposed problem-
solving contextual teaching approachs.

After the problem-solving teaching experiment we continue to
interviewed students, as shown in section 4.3. We summarize the interview
results of two students in each experimental high school, select and analyze
the interview results of some questions in the interview form to understand
students’ feelings, way of thinking and activities when solving realistic
problems used in the proposed contextual teaching approach.
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Chapter 5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions
5.1.1. Students’ ability to use and combine conceptual and procedural
knowledge with contextual knowledge of equations in problem-solving

The survey results of 494 grade 10 students at six high schools in the
South Central and Central Highlands provinces show that students' ability
to use the conceptual knowledge of equations is not high, with the average
total score of the observed variable CK (representing conceptual
knowledge) is less than half of the maximum possible score (with a ratio
of 47.58%). Students’ procedural knowledge of equations is better
expressed, with the average score of the observed variable PK
(representing procedural knowledge) to the maximum possible score of
64.87%. Students’ ability to combine conceptual and procedural
knowledge with contextual knowledge on the knowledge of equations in
problem-solving is very low, with the average total score is only 29.59%
of the highest possible total score.

Based on the works of 494 students for 9 tasks selected out of 15
questions in the second survey form, we conclude, comparing three
components of the problem-solving competence, that the first component
has the highest average score, followed by the second component, and the
lowest is the average score of the third component. Statistics on students'
works show that students often had difficulties in setting up situations by
mathematical methods, leading to failure to establish or wrongly set up
problem situations by mathematical methods. As a result, students
couldnot solve mathematics problems, and thus couldnot accurately
translate solutions of the problem situation back into the real world.
Students who had properly set up the situation by mathematical methods
often make less mistakes in applying procedural knowledge to solve
problems. At the same time, when solving problem situations by
mathematical methods, students almost accurately interpret solutions or
mathematical reasoning back into the problem context and accurately
determine the rationality and meaning of the solutions in the problem
context. Overall, the survey results show that students’ problem-solving
competence of equations is very weak.
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These findings basically reflect the results of the institutional survey on
the content of equations in the Algebra 10 textbook (basic and advanced)
presented in section 2.1, where we also surveyed that the rate of exercises
assessing students’ conceptual knowledge of equations is low, in particular,
the rate of exercises assessing the combination of conceptual and procedural
knowledge with contextual knowledge is very low, mainly exercises to
assess procedural knowledge. It is a fact that the assessment method will
have a great impact on the learning method of students, thereby indirectly
affecting the amount of knowledge acquired by students. Once students are
not assessed much about conceptual knowledge, nor are they assessed much
about problem-solving skills, their ability to use conceptual knowledge will
not be high, and in addition, the formation of students’ problem-solving
competence will have many obstacles. Therefore, in addition to changing
the textbook’s curriculum in the direction of enhancing the assessment of
conceptual knowledge as well as assessing students’ problem-solving
competence, teachers also need to use active/constructive teaching
approaches in teaching concepts and problem-solving, supporting to
improve and enhance students’ conceptual knowledge and problem-solving
competence on the knowledge of equations.

5.1.2. Contextual teaching approachs to teach concepts and problem-
solving on the knowledge of equations for students

There are many ways to promote students’ conceptual knowledge
and problem-solving competence, in which  contextual teaching
approaches can be used as active/constructive teaching methods.

Our contextual teaching approach consisting of three stages and five
steps in teaching concepts is proposed based on many researchs on
perspectives, meanings, purposes and principles of contextual teaching of
many mathematics educators, combined with three main activities in
teaching concepts of Kim (2011), as well as with four activities of
teaching mathematical concepts proposed by Thai et al. (2018), in which
we seriously considered problems arised in the real-life contexts — realistic
problems, creating initial interesting situations and prompting students to
form concepts through the process of solving real-life problems and
creating cooperative atmosphere in learning of students.

In the first step of the opening stage, the teacher will prepare the
knowledge that needs to ask and test students, and the teacher prepares
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some practical problems related to new concepts that need to be conveyed
to introduce to students in order to create motivation, learning needs,
posing problems leading to learning new concepts, or from solving
realistic problems to explore new concepts. Moreover, teachers need to
know and check what relevant knowledge students have learned, what
they still remember, so that students can understand and solve given
realistic problems based on existing knowledge. In step 2 of the core stage,
dividing students into small groups right from this step will create
opportunities for them to work together to understand the problem, discuss
the knowledge mentioned in the problem, in order to prepare for solving
the problem together in step 3. In step 3, students need to have skills in
mathematizing real-life situations, selecting and applying conceptual
knowledge about the content of known knowledge to bring real situations
to mathematical problems, on that basis, students combine both
conceptual knowledge and procedural knowledge on the content of
knowledge to be used to solve the established mathematical model.
Conceptual knowledge plays a decisive role in establishing mathematical
models, but to solve mathematical problems, students need to apply both
conceptual knowledge and procedural knowledge. In step 4, through the
presentation of solutions of divided groups, along with the teacher's
prompting questions, help students discuss to identify and discover new
concepts. In this step, the teacher's prompting, provocative and leading
questions play an important role in helping students discover new concept
(which may not be completely accurate). This step is focused on
discovering new concepts to be communicated, which is the main goal of
teaching conceptual understanding. In step 5, the teacher states and
reinforces the new concepts for students. This is a very necessary step, the
teacher is responsible for correctly concluding the concept to be
communicated based on what they discovered after solving the given
problems and discover the underlying concepts. Moreover, this step is also
the step to apply the conceptual understanding to solve new related
realistic problems, thereby reinforcing and deepening the conceptual
understanding for students.

The problem-solving teaching approach is designed based on
improving the steps of the conceptual-understanding teaching approach
consisting of three stages and five steps proposed above, in which,
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excepting the first step (preparing, introducing the realistics problems)
and the last step (conclusion, practice), the remaining steps of this
teaching approach are designed based on the problem solving process of
the PISA 2021 Framework in order to improve the components of the
problem-solving competence proposed in section 2.3.1.

In step 1, it is essential for teachers to consider the mathematical
knowledge needed when introduce realistic problems at the beginning of
the lecture, as this will ensure that the (conceptual/procedural) knowledge
which is used to solve the given realistic problems is consistent with what
they have learned before. Step 2, step 3 and step 4 correspond to three
problem-solving steps of the problem-solving process in the PISA 2021
framework, designed to form, train and improve three components of
students' problem-solving competence. In these steps, students work
together in groups to discuss, share ideas, mathematize realistic problems,
identify mathematical models, consider and apply appropriate conceptual
and procedural knowledge for problem-solving. After getting solutions to
the given realistic problems, some students will represent for their groups
to present solutions, the teacher organizes for students to comment and
evaluate the results obtained. Through these three steps, students are trained
and improved the components of the problem-solving competence on the
knowledge of equations. The main purpose of step 5 is to help students
discover the problem-solving process of the PISA 2021 framework,
correctly confirm this process by the teacher, thereby training the problem-
solving steps through new realistic problems given by the teacher.

5.1.3. Effectiveness of contextual teaching approach in teaching
concepts of equations for students

Students' understanding level on the concepts of equations after the
teaching experiment is determined by specific criteria given in Table 4.13.
The results show that students understand and apply well the concepts
related to equations provided by the teacher. Compare students’ scores
between the pretest and the posttest (Figure 4.1, Table 4.16), students’
performance during the survey in phase 2 with the results obtained by the
posttest (Table 4.17), we conclude that the application of the proposed
conceptual understanding teaching approach consisting of three stages
and five steps give us good results, promoting properly students'
conceptual knowledge of equations.
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The results of interview students after teaching experiments show that
students often face many difficulties in understanding the meaning of
concepts to have an appropriate applications in solving related problems.
Students feel very high enthusiastic with the contextual teaching approach,
interested to the contextual situations with closed content and to work in
groups, with creative stimulation and lots of excitement. Furthermore,
through the process of solving realistic problems, students gain a better
understanding of concepts, are trained in procedures related to concepts, and
can reversely apply deeper conceptual understanding to solve problems
better. Interviewed students suggested that teachers should increase the
number of problems which are used to applying concepts in order to deepen
their understanding of concepts and that they have chance to practice
problem-solving competence related to these concepts.

Teaching to understand concepts is a difficult task for teachers. In order
to promote students’ conceptual knowledge, teachers need to have more
time and appropriate teaching approaches, stimulate students' curiosity and
discover new knowledge. Moreover, in order to deepen conceptual
knowledge on a specific content, teachers need to assign more tasks related
to that knowledge so that students have the opportunity to be trained,
gradually forming a sense of respect for carefully understanding concepts
before applying in problem-solving. Concepts are well understood and
applied when they are inserted into a particular problem for solving.

5.1.4. Effectiveness of contextual teaching approach in teaching
problem-solving on the knowledge of equations for students

Based on the results of analysing and evaluating students'
understanding of problem-solving in the lesson "Solving problems related
to linear and quadratic equations”, we conclude that students achieve a high
level of understanding problem-solving. Students understand three steps of
the PISA’s problem-solving process introduced by teachers and apply it
well when solving new realistic problems. In addition, compare the results
between the pretest and the posttest, compare students’ performance during
the survey in phase 2 with their results of the output test (posttest) we found
that students’ problem-solving competence on the knowledge of equations
was significantly improved after the teaching experiment. The analysis of
students” works and comparison of questions of the same type of PCK
knowledge with equivalent content in these two tests are also performed.
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The results of students' performance in each question of the same type of
PCK knowledge have improved, especially for exercises with practical
content, most of them can identify the object to set as the unknown.
However, students still have difficulties and errors when relating contextual
knowledge to mathematical relationships so that they can translate realistic
problems into mathematical models. This proves that students’ problem-
solving competence is still limited, although it has improved through 13
experimental teaching lessons. Teachers need to create opportunities for
children to practice and hone practical problems more often.

The results of the interviews with students after the teaching experiment
showed that at first, students had some difficulties when solving contextual
problems: Understanding the textual language of the contextual problem;
applying appropriate knowledge to solve the given problem; mathematical
modeling of realistic problems; explain the mathematical results received, the
true/false, good/not good of the mathematical results received. After the
teaching experiment, the majority of students found that they can visualize
the problem-solving process better, have more experience in applying
concepts and procedures related to the mathematical knowledge used, and
have more experience in assessing the true/false, good/not good of the
mathematical problem solutions, and it is possible to translate the
mathematical problem solution back to answer the original realistic problem.
The interviewed students all realized the importance of understanding
concepts, because understanding the meaning of the concepts helps students
easier to determine which knowledge should be used to solve the given
problem. Moreover, students also find it necessary to have procedural fluence
of the used knowledge in the mathematical problem-solving process. Because
of that, students see that it is necessary to flexibly combine both concepts and
procedures related to the knowledge used in the problem-solving process in
order to get a high efficiency in solving realistic problems.

Although students’ problem-solving competence has been improved
after teaching experiments, it is also necessary to realize that the formation
and development of students’ problem-solving competence is a long
process, requiring teachers to regularly integrate realistic problems in the
teaching curriculum, regularly create opportunities for students to practice,
practicing problem-solving, gradually form reasoning and problem-solving
skills, contributing to improve students’ problem-solving competence.
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5.2. Summarize of the research results

Inheriting and developing research results obtained in Vietnam and
abroad on conceptual, procedural and contextual knowledge as well as
their relationship, on the one hand, this study contributes a part of the
theory on the combination of conceptual and procedural knowledge with
contextual knowledge of equations in problem-solving, on the other hand,
this study also contributes a knowledge classification designed based on
the procedural and conceptual aspects of knowledge as a tool to design
tests/questionnaires/surveys to assess students' conceptual knowledge,
procedural knowledge problem-solving competence. The study also
contributes the components of the problem-solving competence. At the
same time, the study provides a theoretical framework for contextual
teaching approaches in order to improve students' conceptual knowledge
and problem-solving competence on the knowledge of equations.
Specifically, the thesis has achieved the following main results:

(1) Proposing a knowledge classification based on procedural and
conceptual aspects of knowledge (which is called the PCK knowledge
classification), including five knowledge categories: PK1, PK2, CK1,
CK2 and PCK, are used as tools to design survey questionnaires, tests, ...
to collect data for the research.

(2) Investigating students’ ability to use conceptual knowledge and
procedural knowledge, to combine conceptual and procedural knowledge
with contextual knowledge of equations in problem-solving.

(3) Proposing the components of students' problem-solving competence
based on the PISA problem-solving process introduced in the PISA Framework
2021; investigating students’ problem-solving competence of equations.

(4) Proposing a contextual teaching approach consisting of three
stages and five steps in order to apply in teaching concepts and problem-
solving on the knowledge of equations for students.

(5) Applying the suggested contextual teaching approach consisting
of three stages and five steps in teaching experiment on the concepts of
equations to promote students’ conceptual knowledge of equations.

(6) Applying the suggested contextual teaching approach consisting
of three stages and five steps in teaching experiment on problem-solving
on the knowledge of equations to promote students' problem-solving
competence on the knowledge of equations.
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5.3. Contributions of the thesis

The obtained results of the thesis have certain contributions to theoretical
and practical aspects of mathematics education, especially meeting the
current trend of teaching and developing students' competence that is being
implemented at present in Vietnam and around the world. In more details:

Theoretical aspect: On the basis of inheriting and developing domestic
and foreign research results on conceptual knowledge and procedural
knowledge as well as their relationship, on the one hand, this study contributes
a part of the theory on the combination of contextual knowledge with
conceptual and procedural knowledge of equations in solving problems, on
the other hand, this study also contributes a knowledge classification designed
based on the procedural and conceptual aspects of knowledge as a tool for
designing tests/survey questionnaires to assess students' conceptual
knowledge, procedural knowledge and problem-solving competence. The
study also contributes the components of students' problem-solving
competence. In addition, the study provides a theoretical framework for some
contextual teaching approaches in order to promote students' conceptual
knowledge and problem-solving competence of equations.

Practical aspect: This study provides the results of surveying the
reality of students' ability to use conceptual knowledge, procedural
knowledge, the ability to combine conceptual and procedural knowledge
with contextual knowledge; students’ problem-solving competence on the
knowledge of equations. In addition, the thesis contributes some
contextual teaching approaches, applied in teaching concepts and
problem-solving on the knowledge of equations, promoting students'
conceptual knowledge and problem-solving competence of equations.
5.4. Recommendations

In order to achieve the goals of the school mathematical education
curriculum (2018), based on the results obtained in the thesis, we have the
following recommendations:

(1) For curriculum of mathematics textbooks

e Adding more exercises assessing conceptual knowledge to the
section “Questions and exercises” and the section “Practice” at the end of
each lesson or of each chapter in the textbook.

e Adding more realistic problems when posing problems for
mathematical knowledge to be taught, and in addition, adding more
realistic problems in practice activities at the end of each lesson or of each
chapter in the textbook.
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Posing realistic problems to lead the appearance of underlying concepts
gives students a feeling of excitement, attracts their attention, moreover, helps
students see the application of concepts in real-life closed to their own. Adding
realistic problems into practice activities at the end of each lesson aims to train
students' ability to apply concepts and procedures related to learned concepts in
problem solving, improving problem-solving competence.

e Adding practice questions in open-ended form for students to
express their personal awareness and creatively apply learned knowledge.
Pay attention to some open-ended questions that ask students to come up
with a practical problem that applies the conceptual knowledge they have
just learned, for example, related to knowledge of linear equations, ask
students to answer questions of the form: “Propose a problem related to
finance that can be transtated to solving the equations2x +100=7x.”

e Adding practical problems with interdisciplinary integration to the
practice at the end of each chapter, between mathematics and other subjects
such as physics, chemistry, biology, geography, informatics, technology,
history, art,..., creating opportunities for students to experience and apply
mathematics in practice, allowing chances for students to practice and
improve their problem-solving competence, contributing to achieving the
goals of the school mathematical education curriculum.

(2) For mathematics teachers

e Teachers should pay more attention to teach conceptual
understanding for students, helping students understand the meaning of
the concepts will help them actively apply in problem solving. Enhancing
practice activities, practice understanding concepts for students through
the system of questions in class and homework.

e Teachers should use contextual teaching approaches to teach
students to understand concepts, apply active teaching techniques in
organizing learning activities in order to bring the best teaching effect.

e Teachers should pay more attention in teaching and training for
students to combine conceptual and procedural knowledge with
contextual knowledge to solve mathematical problems and solve realistic
problems. The training activities of teachers for students are often
integrated in theory teaching activities, in exercise and practice lectures,
and in extracurricular activities.

o Teachers should pay more attention to form and develop students'
problem-solving competence, including both mathematical problems and
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realistic problems, in the classroom and in extracurricular activities. These
activities include: Applying constructivist teaching approach to improve
students’ problem-solving competence; applying active teaching
techniques in problem-solving teaching; diversifying in the design of
tests, assessing students' problem-solving competence.

The contextual teaching approach consisting of three stages and five
steps in problem-solving teaching proposed by the author in the thesis
could be method that can be applied. Moreover, the method to design tests
meeting five knowledge categories of the PCK knowledge classification,
combined with open-ended questions, helps teachers have more options
to design tests assessing students’ problem-solving competence.

e Teachers should be more proactive in organizing teaching by
subjects/topics, actively choosing knowledge and how to organize
teaching activities, as long as they meet the objectives of the
lesson/chapter. The initiative will help teachers have more time to
implement constructivist teaching approaches and apply active teaching
techniques in teaching by topics/topics.

(3) For educational managers

o Inspecting and supervising the compilation of mathematics textbooks
at all levels based on the objectives of the school mathematical education
curriculum (2018), meeting its requirements, educational contents, including
how to organize experiential activities and thematic systems; educational
methods, and methods to evaluate educational outcomes.

Education managers should pay more attention to the contents
proposed in item (1) to add to the curriculum of textbooks compiled under
the school mathematical education curriculum (2018).

¢ In the training courses for mathematics teachers to implement the
school mathematical education curriculum, educational managers need to
pay more attention to training to innovate teaching methods, including
constructivist and contextual teaching approaches; pay more attention to
training innovation in testing and assessing students with the aim of
improving students' mathematical competence.

e Giving teachers more autonomy in organizing teaching activities,
encouraging teachers to teach by topic/theme, encouraging creative
activities of teachers in teaching and developing students' competence,
especially interested in teaching and developing students' conceptual
knowledge, procedural proficiency, and problem-solving competence.
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5.5. Limitations and future research

Equations are important topics in the school mathematical education
curriculum, follow students from elementary to high school level. Concepts of
equations, defined domain and solutions of equations, equivalence equations,
corollary equations, etc. are concepts that often cause difficulties for students in
solving mathematical problems and solving related realistic problems.

The theoretical and experimental framework of the thesis is limited to
the knowledge of equations, including linear and quadratic equations, the
equations reduced to linear and quadratic equations.

Moreover, the research and experimental subjects of the thesis are also
limited to grade 10 students at high schools in the South Central and Central
Highlands provinces. There are two main reasons for us to focus our
research on grade 10 students. Firstly, the concept of equations is expressed
in the language of functions and variable clauses which are included in the
Algebra 10 curriculum. Secondly, Vietnam is very interested and invested
in the Program for International Student Assessment (PISA), with students
participating in the assessment from 15 years old 3 months to 16 years old
2 months, who are at the bottom of grade 9 and the beginning of grade 10
in high school. PISA emphasizes mathematical competence, including
students' problem-solving competence, which is very consistent with the
goals of the school mathematical education curriculum (2018). Therefore,
grade 10 students are the object of our attention to focus on research.

On the other hand, because the thesis focuses on studying conceptual
and procedural aspects of knowledge, as well as students' ability to combine
two types of knowledge in problem solving, among the core competencies
of the mathematical competence presented by the National Research
Council (NRC, 2001) and the school mathematical education curriculum
(2018), we are limited to the study conceptual understanding, procedural
proficiency, and problem-solving competencies.

Some research problems for future works:

(1) Expanding the theoretical and experimental framework of the thesis
for other types of knowledge with equations, such as inequalities/systems of
inequalities, limits, derivatives, .... Corresponding to these knowledge, we
will also extend the research participants to students at higher education
levels, or students at universities and colleges.

(2) Investigating factors affecting students' mathematical
competencies, such as conceptual understanding, procedural proficiency,
problem-solving competence, mathematical modeling competence,...
Based on the investigated results, propose teaching approaches to improve
these components of students’ mathematical competencies.
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