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a. |2 217]& 16500k2] T Zolrh

b. o} 227|& 1750a8k2] £ Zlo|oh.

c. o|xd B17|E 17,500018] F Ze|ch

d. o3 E17]2 50,0000k A Zo|ch,

e. 10,0000tz H4AY 21718 A Felg)

(18 IV-1-9] &5 VCE® FtM1 &8 &3H20173 Alsl)

2,
o
oot

(19 D-1-71) AZE 49 3 WAE 2Oz el
5 o Ade

& %0 % olNY # A sa, BA 2

NHY ANFeIM AFHE FHL A P sPuTkE Fold F4
2 B3] BAE AAGE $US YARORA | e £F9 An
92 2 =82 F 4 Atk =9, o] AN Foln =
A E o 2 olsisl Fo=M sge] BANE vHE olFol W £
9ic.

A AR oSt GSAGIM ME FRe] TG AgeE Frhe o
2 %Y, WHE, 5F, YhEEolrh FAHCER WE Yoo T

< 979 FP3, 5d° BF-&, 59 SM1, SM2, A7tx=
of Hzoldl, WAzl ARAAE AL ABHE Aol ohigh o
FHAE HAeE A AoE § ATME BAE e g
spl@el A 528 MAOL B4HQ013)0] e Fe 42 elsur.
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@] 7] W B AFeINE T NP F UE FHL AT
£ Age FP3Roldy ngkn

o] FoM B ME FHL AFHAL HEs= ADES IT FP3,
=qe) BRE, Ra=e) Agos AFHE FAL A7 (17 V-1-10]

a" v-1-12 (" v-1-14]9F 2o

—/

Vectors

The resolved part of a in the direction of b is ab

o
The point dividing 4B in the ratio 4 : g is patib
A+u
i j k| {ayby—adyy
Vector product: axi)=|a||i) sin@n=a, a, a;|=|ab—~ab;
by by by \ad,—ad |

albxe)y=\b, b, Dby|=bfexa)=claxb)

¢y €3 €3

If 4 is the point with position vector a = a,i +a,j+ a;k and the direction vector b is given by
b = bi+b,j+bk . then the straight line through 4 with direction vector b has cartesian
equation

X—ay ¥—a, z2

- =B =
b, b, b,

The plane through 4 with normal vector n =i + 1, j+ n2;k has cartesian equation

mAx+n,y+n7+d =0whered = —a.n

The plane through non-collinear points 4. B and € has vector equation
r=a+Ab—a)+ulc—a)=(1—A—a+Ab+ tc

The plane through the point with position vector a and paralle! to b and ¢ has equation
r=a+sb+re

. . . R et B ngy+d|
The perpendicular distance of (@. f.)) from nx+n,y+n,2+d =0 1s .

2, 2 2
Jﬂ, +H,y iy

[ V-1-10] 9= GCE A-level®] FP3ol A A|-gd WE 2
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L

4o (19 N-1212 WAz 94
A

%]9/]7

o
WAt o)de] ofu] 8 AL, F M Aole] Zte] AN, HFF
o _

a, )
+ Definition: a-b=|a,
.83/

by
b,
‘_b3 J
+ zueinander senkrechte Vekioren: a lb< acb=0

o

=aby +asbh, +aszb,

+ Betrag eines Vektors: ’é| =+Jaca

L 0 a
+ Einheitsvektor: a =‘T
3|

+ Winkel zwischen zwei Vektoren: cosg =

e
e

{ @gbs —agh, |
azb, —apy
L@y —axby )

+ Definition: axb=

+ Richtung: a«b steht senkrechtauf a und b
+ Betrag: |é>< b‘ = |§| . |b’ sing (O<¢=<T)
¢ Flacheninhalt eines Dreiecks ABC: F=1. |A—B « A—C‘

+ Volumen einer dreiseitigen Pyramide ABCD: V = %-

+ Parameterform: X =A +At+pv

+ Normalenform in Vektordarsteliung: no{X—-A}=0

+ Normalenform in Koordinatendarstellung: n,x; + nyxs +Naxy +ng =0

2 2 2
(%3 —my)” +(xz —Mp)” +(xz —mz) =r?

[1" V-1-12] =< Abiture] BR-ElA Al&d HE &4 A7

™

110 A 55 o]
1 el g

=9 ByRe EAHE 2% (19 N-1-131e
WA o)A e] A, T ouE Abole] zte] A
2 olgste] EAE AT + Aok

> 4
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Ag zuA 9= Al6,3.3). B(3.6.3), C(3,3,6)= Marzrg e ohed),
a. Az ABCZEE.,,%?E ol =W Eo] WAl sEFPoz JFHAlL

(ofd=l= 23k E:x+py+:—-12=0)

A & AB.C: % 2(3,3,3)2 gz sl = gj= 4 & A.B.C'S dxr}.
b. 4 B A,B.ZS Z¥st:= HY F= 7ste] d¥sty, FY Fo A2 CC'7F 23
HolAlQ.

o, AHZF ABA'B'E § ¥19] 707} 3729 FALYP YL Holrle.

YA = ABA'B'CC'= ZTWAelth oA FAZE ABAR'Z
ZEUHo=2 &1 (Y C'2 29 ZAEO2 sl AIZE 27j2
o] £oiA 9Lt

d. ZUA ABA'B'CC'9 27} 3698 Holrle.

e. @H ABCO AC'BAol9] Zk9] 37]2 RahAlQ.

f. ZUA9 nE ZAHE £ U9 Utk o 79 WAL F5,

T BujollA EHA Rujo] vlg2 AL
(7% V-1-13] S Abiture] B3 wE] 230166 Ala)

919} o] WFolu} HAUo st YSAPY B BE Foiz
& ol83i) e EAE AT 5 dee qu%u}. ol se)
7] fFol wE Prlroks stde] B Folo] Wad FHo|

X

shepala, ABE TS APHA BEIH TXI—E—
AE FAsn Yo B 5 Aok F WE 5 /19 Hx
o BT S B AT £ES BSE 6 B3l

Sen WEse] Wek YetARels S Ess MAOL E44
V-1-1412 Weje] g-xb- Aol Askera o, We B §ol
3 E@, Wa 9He s)sera ofn) R AW, 2 A, 1
%G, F e Aolze] A4, HEFF 5¢ TSI Aok W=

He) M4 2 54 92 593 27 g9 oA E Tden

rlr

2

LA E BUe] g U4Ed) B AHY HolY|E s
3] Aol olal7t F83) Jhssha ool S5d Wee 7o
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rr

v FEE =&

flo
N

Lashutoimituliset

Summa ja erotus

Madritelmid

nollavektori

viksikldivektori

wastavektori

paikitavektori

mediaaniveltori

jakosubdevektori

&. pistetula
{shalaaritulo}

7. kohtisuoruus

a. valinen kulma

2. skalaariprojeltio

10, veltoriprojeltio

11, ristituio
{wehktorituio)

1z. vhdensuuntaisuus

13. sununnikkaan ala

14. skalaarikolmiotulo

15. sdrmidn tilavaus

&~ &= lal B oS (B, T = e by + ay by + ay by,

1L hera« =0, kuna,b=0

cos (o, b)

% 5

Q%= 4o {aE, B 21809

e &
o o, |§3‘ E
by

@j| s a K B0, funa, EeO

A= }2 > Z|, Feolmsio alo = ; a

P
. b B,

E

tetraedrin tilavuus

(28 V-1-14] A&

ot

MACL &4 oA A&sd IE &
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JHY WAEE 7, HYW PWAAZ Be WES T FAAY
Age H85tn Ak Y FAL olgstel we A4 HPe Ba
2 3 gFol} SA3 wel WAsel Ut YA B UA=
AA AdS ol g3t BAE ML AT F U=A 23 Q7
MEe] 4 AFH Weto] i 2oL B 4 Atk ¥ AFAS
of WHMS] WES FEH F& AHY Hol: FHPL HEFHE AL
A SER FHle AWe A2E A% FAR o E N-DolA
shelgt e} zko] tisk §JshAIRol 6413 ek AWEE ATE et
s RO nelr,

W QUhEE, 530 B3 QYA GeIA gt ME FHe 9T,
S, AW FA Aol @AT Ao & ReTh YL H2olA
Agae Wy FAL (19 V-1-1512 Ao wgs), Wwe] WA,
2 At & EFetal Jlowld F SMI, SM2elA Al E-st= W E
FHe (29 N-1-16102 WE =7, W A4 52 23T o
G AAEE B4 57 9%, 59, Baso] vl e ol

aa+ Ab
The point dividing 48 in the ratio 4 : g has position vector —l
L+ 40
If .4 is the point with position vector a =a,i + @, J + 3k and the direction vector b is given
by b =i+ D j+ 5K, then the staight line through 4 with direction vector b has cartesian
equation

Xoay _y—ay _Z-d3
by b, by ’

3

The plane through 4 with normal vector m =i + 72, j + 23k has cartesian equation

MmN + iy ¥+ +d =0 where d =—an

a+Ab
The point dividing 48 in the ratio A : ¢ has position vector ‘(—
+ 1
Vector product:
{ayy (b)) [axb; —ashy)
axb= a, |« b [=] asby —ayb; ]
las ] \b ) Lab, —a)b )

(18 V-1-15] A7}22 H2olA A =" wEg 24

13) 20169€5} 2017 Aol Ags e TP wgHAe] Wslel we} AFels HE
a4 Lﬂ%—cﬂl atol7} ek [1% V-1619] S1EE-2 20161 A|FollA AAH F2o]
o, o} HEL 20173 AFolA AAE Faolth,

; 1 T H cﬂr T



Vectors in two and three dimensions

£y T =1y c08(0) = X%y + ¥y + 217

[19 V-1-16] &5 VCE® SM1, SM2ol|Al Al-s¥ e 32

A 7R EE Sk 2@ v e e Hed @S E
AGozH o 7hAe] 843 de THHeE 21 7] "Wl 9
o AANE TR AL F e TF2 flth 35 APM=E
ol AANEE HH FAUNeR 2T 5 e TF2 0T oJAHH
Al &40 A iAo AHAJ] =2 ALl FA FAN, ATd
A= T StAol EFolM FoA =HE Aefstedl FAEOoEA
THARJ =82 &  As Aon

AG7HA AR vkl o] Ik ArIu 3ARe AHgste =7t
o] thel dstAd 2 &4 d7Iu ALt Aol Feol o7 st =
g BFrtitgs $98 =78 8t AR FAE H 8T 2AE
sidsta, 42 AAsA olgste] ZAE MEE F U THE B
7hehe dl F O 2F0] e AR = g Y

- 5’] -
S e Eig



113 Aed 3 A3 TH

SE Aol A A kel o] tiRE =7ke] e AStA PN Med
T@e A8 An Aed S ATy d5I A 2 FHFE
£ o]&3td A= Zo] ofyzt Al s AHst= FEHE EHQ
ot ofel &+ =7bl M= M T A A3 24 W & AT
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omm AW Adel ARy B FAYL HelFR Utk = AP A
W e B3 ST FolmHelA Helstel o] FolAA 1 9
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oA dee WASI lon, TPgiae FE0 FRdH HEA
B7kel Fagk o, Eol3go] AstA AU AHE A X3
T el 23d AL WAska Y dl2EYole 4 ALt 8§
2 AA& WEsiA AdE Ae a8k, £8shA ¥ FE2 A
Zhol ofs 1HEHA e WAL AT 2L TS AEd =
of Hog Fo] #H g At HAAHo] AdHo e WAL dom,
et Ak s SAE Aok o, ARA Foew Mk 4t
oAU 0ol & 4 Avka HAStAL Atk EFE F&e wiie] 1% 0]
obd ol A& FolaA o] AAE ook & WS ATt

a3 AgA ol9]e] FAMEB, 20170 Aol AAIH e A
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olsh ol 7k Z7he] it AFNFeNA MEd £ AWY W, 2
Fabe A

HE FolRH Ba e AL vH, EAdE sYe e
IS Fefstar ol fiE] g Fosie Ao®E AT 5 A
o] JERGE Zoli

e E58Y, =94 Ay e ¢ 4 Aok
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=
#4¢ sotsn

g EQE A&y B9 Wrte 2do] g g3
oA & o
dea R 57 et YeAPeldE B sl wek 2E
< 2

[e] puA
= St= Ald Aol sk B4 #&(examination report)E
Ql Aol Eof F7fst] A AAY A AHS ol Aot

oAl @wel st A NEF B AM JEe A 4
Wet detAd Hed B AW V1E nde AY 2wy, 2y

S
W oAH A B4 Bz G ﬁamw Al o] ATk 7lAE
G AE 2o Aed A 71E2e DA 96 20176l AR 4
o) W B33 A AYEe Avrg agw ANsE A 2P
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973 ocfl tistod, ™A | [,9] A2 oheat 2o

oo BB o

:’E]}‘\j zaﬁzg-‘_a:' JR‘E'] A‘s‘r %’{‘] E:RE-?_%E%‘

(a) @ X9 ZHuE FshAle. (33)
(b) A Lok LAtelY) 979 5715

2
AA Lglol At A A2 HA=EE [18101@,
6

(c) AP A=lE Fal& FH=2 Fstale. (23)

257 FMARIZEA] FEHAlL. (3F)

MM LYol 9= A 17} ok HWe] YA FAM o] 28o|ch
(d) AP9] Azl2 22d RARYTIN TokAl Q. (27)

AA Lolol 9= A Be [AX=2(ABg wasic
(e) 9l A TEs: A BY YxHE = A2 TshAle. (3F)

(1% N-1-17] 9= GCE A-level®] C4 Mg 2820179 A &)

(0% N-1-171& Folx e W WAAL olgstd T Aol
TR, T AAMo] o]RE zte] Zy), T A Aole] A, 3 He| 9]
HE 7o BAZ o9 2 578 T3 A&y Baolnh 2z
skl =aol e widol AaA ALe BFS B FAT 5 o).
o] e A 9% J1Ee (1Y V-1-18]% 2.

_54_

A&

1” 1 T



Question
N Waotes Marks
2 Let 8, bethe
. Arut
5. 1§ |Hesoml | angle
& between [ and ],
28 -5i=3
@ |y =z2 :~} 28-5i=3{=>4=5) 28-34=3 or
dei=S+3s andd 1—du {= 3 4-A=5+3umd4+i=1-4u [ Bl
— - é = } " -
of # = a= or A=5 or =2 {Canbe impled).
Puts I, =, and solves to find 4 andor 1
and substitutes their value for 4 into [ | M1
or their value for g into [,
_1: -1
So, A(-1.3.9 —L39) or 3 or —i+3j+ 9% or condone 3
i Al cao
L9 9
- v — 131
-1 (3 -1y [ 3 Realization that the dot product
“E:J)_l 4 = —Sg, dy=1 D ::»‘—5 « 0 is requuved between d;and d, | a3
¥ 1} -4) L1l -4] or a multiple of d;and d,
o1 3y dependent on the
Sl D 1* M mark. Applies
. . dot product fornmula | gy
_ V1) -4 _§= -7 E between d,and 4, ora
S O O @ s | TS | ottiple of dyand 4,
{6=1056303588... T | 6, =7436964117.. =7437 (2dp) | awrt 74.37 seenin (b) only | Al
- [31
-} 2 -3
© |AX="0X"-0d= 3 |~| 18 |=| ~15 |or 4, X, T 4¥-34]. {§d1§= 2?}
6 3
. b b & e
Full method for finding 4% or ¥4 | M1
=NEH 15 +0F “’3“{_{ VA } =03 945 seenin (c) only | Al cao
Note: You cannot recover work for part (o) in edther part (d) or part {e}. {21
@ ¥4 7436964 — = tand or 14 =[thc§z "ﬁma, where 8is
................ A,g}(| !
Warl | s = tan{” ") theit | Ml
their acute or obiuse angle between I, and [,
¥4 =5571758... =337 (1dp) anything that rounds to 55.7 | Al
21
(e) {xij_g,.}i}_s = S0 4A¥ =248 = Soat B, f§=3.5w,~§=6.5}§ |
Wayr 1 ! l £ ir A, i 2
() 1) [ 05 ) | susstivate either 2 026 2 Bund in(@)) +
OB=| 28 +35 =5 fi=| 105 2 Mi-
4 ; L) Lo or 7, -3 (06 4 Bl (@) o
{ -1 ‘ is At least one position vector 15 correct. Al
OB = w§ L=l 2858 {Also allow coordinates).
| 45 Beoth position vectors are cosrect. Al
{Also allow coordi i}
131 |
13

_55_
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N! i ton Scheme Motes Markes
8- () ii.-i.a =943 ,[d]| =33 = K = g‘izws:kﬁmsd,;sg, OB = 0d + 14X = OA + 1(3d,)
Way6 | | ! 33
[ 2 -1 03 | 04+0.5(kd Egppéx es;x:m
OB= 18 |+05)3| -5 |:=| 105 A+0.3(Kd,) or OA-03(KD,). )
6 | 75 their § Eﬁ g
) ' 'y . / where K = gl
~ , 313
_ 2 -1 3.5 At least one position vector is cotrect Al
OB=_ I8 ~08[3 -3 |Ii=| 253 {Also allow coordi 3
] 1 4.3 Both position vectors are correct Al
° . ’ ’ {Also allow coordinates)
3
Question 6 Notes
6. (a) Note | Ml can be implied by at least two correct follow through coordinates from their 4 or from their g
) Note | Evaluefing the dot product {i.e. (—13(3) + (-5K0) + (I{—4)) is not required
for the M1, dM1 marks.
Note | For M1 dM1: Allow cne slip in writing down their direction vectors, d1 and d}
Note | Allow M1 dM1 for
f gy 3)
ng{_z;&{_s;u (1Y A3 +(0F +(-4)° }m&6= £l -5 (| 0
1 i -4 |
Note | §=1207005_° (without evidence of awrt 74.37) is AD
6. (b} Alternative Method: Vector Cross Product
Way 1 | Only apply this scheme if it is clear that a vector cross product method is being applied.
{—1% (a0 i Realisation that the vector
1 i . .
. cross product is required
dixd:=| -5 [’x] 0 ‘ =4 -1 =5 1|=20i-j+15k betweend, and d, M1
! J l -4 ;I 30 4 or a pmltiple of d; and d,
[0 (12 (15F Applies the vector product
Qo) + (-1 + (5 formula betweend, and d, | a1
O OO or a muliple of dyand d
. J626
sin 8 = O #=T436064117.. =7437 2 dp) awrt 74.37 seen in (b) only | Al
:}‘2? :f 25
£l
6. {c} M1 | Finds the difference between their ng“md WOTJ and applies Pythagoras to the result to find AY or X4
OR applies |(their 1, found in (a)) - 214{-1}%(—3)%(1 2
Note | For M1: Allow one 31ip in writing down their OX and OA
g0
~Note | Allow MIA1 for | 5 leamg to AX =3 + (157 + (3F =283 =943
i) 3 ;
(e} Note | Imply M1 for no working leading to any two components of cne of the 5§ which are correct.

(19 V-1-18] = GCE A-level®] C4 3 AH7IEe o

A% o QgAY HEd

HE ofolE

F(2017d A3

gael AW 7% (29 V-1-18)
Aee & F Atk AMHE ol

X
=

=5
H

AHgatel Husha




uhth 234 Aol YAT MW AGHE ool B M, Al
ofo] Hof ¥& £AE W4E ouidth Ble MW T =4

%

o Askd FholdW 14, ML Fo] W 41 Agalads AR o
W 1%, Ale o] Wel wel BHW Hold 14 Eanh ojHY
ARoln WekalA AANR A NEe Ba Brle AHPe Y 5
At EF el a9 Baol ik Fek ol A7k FolEwel wheh of
ARz AN AT ol AT 447 tpFd Fo Aol w
9 ow sl Sotd Aunnge WUsA BRIskL ole] i@ B}
b ol oA e HelET 28 74 ahe] Bgol tid F7} A
o] ‘notes’ & EAF AAH] Uk o]t AWTHHAN mEd u
ol Agtel thal TAHQ F7h A1Ee ANGT Y Ao B 5 9
. ol 2o EAS Eal 9Fol s QstARel ALy Bu A
B 5 A}

Aol Apolm EHSA o] FolHE HolZ Wk ojuel A

G E AAEA It Frle] WSt S BT Ao

2. %3t 9% e AAAY F4 ww

2
Atk

S5 o3 Bl Musts A¥A F3 13T w3} sl A
gsts AEel 3 Ygos TRt A7) Ade 1008 Bt 13
B3, F 0BFOE SAMGY 21RFH BgY 9BFos THH 9
on & 3

2 3

go] m3E B9 T Utk 2E o] WA A4S OMR

Aeol wiRsts Ao AFEH Aol o] FolH 3

& A9 AE S A EaA onl, FHAE AT e
)% ErlE FAWNN 53 o0F st QtAde] 3 wA Fol

& Med 29 24 fFolth olF Helsw (19 V-1-1919 2.
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24E3

[2" V-1-19] A1E &4 & #dl WE =7 &7/

A

FEyetel ree AL e =7k st AN ES Med =%
< EAst v a2y v=e ANy EYdoERt EA|E= SAT
subject testo]eloll & A7te] tido] ofd ©E ANES Med =
=Alska °l°ﬂ 2 ATolA e dEAde] Aed 2de EA
A e =UbE —"rﬁl‘/}ﬂ}“} qedty & 5= Atk Ay de
g v Frlshs e v Aol Holri=dH B3 EA
dd e8e 713 "Askst Aol vk ol &% =& XISt
= Aed £FS 5% HrkE 18T etk vk o9 tE A=
37} iﬂ%‘éOﬂ o gk

AT FAG ARE fQelr] Y8 g2 F71e] AL
g g B AR AR =o7hA] FEe uvlo] ¥

A, £ FE ALYI% FHY S HEHT A Y 2
Fhukeh gpele QAT B bk ot YA AN B AL
AgE HEToEM AT Mol YA FAE Agetel AN, 5
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ABSTRACT

A Comparative Study on
Mathematics Exams for the College

Entrance in Several Countries

— focusing on the matrix and vector domain

Park Mi Sun
Department of Mathematics Education
The Graduate School

Seoul National University

Many countries are striving to foster creative talent through education to
cope with future changes in society such as the Fourth Industrial Revolution.
They are strengthening math education by recognizing math as the basis of
a future society and reviewing the competencies required during the Fourth
Industrial Revolution and reflecting them into the curriculum. This can also
be seen through subject competencies in the 2015 revised mathematics
curriculum in Korea. However, it is difficult to fully actualize what is
intended unless there is a change in assessment along with a change in
curriculum. In particular, if there is no change in the KSAT, which is the
Korea college scholastic ability test, the change in the assessment of school
education is bound to be limited. In some countries, the new system and

the type of questions in the college entrance exam are scheduled to be
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implemented in order to strengthen the competency of high school students
in preparation for future changes in society. So, we need to examine foreign
college entrance exams in order to review the direction of changes in the
KSAT. Also, the foundations of the fourth Industrial Revolution are based
on mathematics, and linear algebra is widely used among them. The core
concepts of linear algebra are the matrix and vector. They are included in
the high school curriculum in other countries. In contrast, we do not teach
by deleting the matrix domain and reduced the learning contents of the
vector domain in curriculum. There was also controversy whether or not to
set test questions in the subject including the vector domain for the KSAT.
Therefore, it is necessary to analyze college entrance exams focusing on
the matrix and vector domain in several countries and to derive implications
for the KSAT.

In this study, 10 countries (UK, France, Germany, Finland, Estonia,
Singapore, China, Taiwan, Australia, and the United States) that are highly
prepared for the future of society and are strengthening their math education
were selected to compare and analyze college entrance exams that includes
the matrix and vector domain.

The results of this study are divided into three categories based on the
research questions. First, unlike the KSAT which consists of multiple choice
and short answer questions, the college entrance exam in other countries
was mostly set with descriptive questions including sub items and allow the
use of scientific calculators and formula books. Second, the contents of the
matrix and vector domain of college entrance exam in other countries are
not only measuring relatively wide and high levels of content compared to
Korea, but also providing an opportunity to recognize the usefulness of the
matrix and vector concepts using real-life context or other subject matter.
Third, the matrix and vector questions of college entrance exam in other

countries are generally evaluating high levels of mathematical thinking skills,
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such as comprehension and problem-solving ability rather than evaluating
simple calculation ability.

This study is intended to enhance the understanding of college entrance
exams in other countries by carefully reviewing the specific matrix and
vector questions of each test in order to compare and analyze the forms of
college entrance exams, the content elements of the questions and the
mathematical thinking levels assessed by the item. It is also meaningful in
that it suggests the direction and implications of the KSAT in comparison

with the trends of the college entrance exam in other countries.

Keywords: comparative study, college entrance mathematics exam, matrix,

vector, descriptive question, problem-solving ability
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