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Science (S1-5) Technology (T1-6) Engineering (E1-14) Mathematics (M1-7)

1. Understanding scientific 1. Understanding and 1. Defining the problem 1. Reasoning abstractly
knowledge/concepts using information 2. Identifying and understanding constraints and quantitatively
2.  Applying scientific technology (e.g., costs, users’ habits, cultural norms, 2. Modeling with
knowledge/concepts 2. ldentifying specific safety, availability of mathematics
3.  Understanding scientific needs knowledge/materials, environmental 3.  Using mathematics
process (e.g. 3. Researching a specific impacts) and computational
observation, designing problem 3. Determining criteria (e.g., efficacy, cost, reasoning
experiments, testing 4. Referencing on sustainability) 4. Attending to
variables, analyzing data) previous experiences 4. Employing scientific precision
4. Applying scientific and observations knowledge/mathematical principles 5. Using appropriate
processes 5.  Evaluating the relevant to the problem setting instruments for
5.  Searching for relevant relevance and 5. Generating multiple solutions/designs measuring
scientific information effectiveness of existing 6. Representing and communicating ideas by 6.  Taking accurate and
technologies the use of sketches and drawings precise
6. Adapting existing 7. Building models/prototypes/computer measurements
technologies to address simulations for testing 7. Analyzing and
the problem 8. Testing solutions against different criteria representing data
9. Repeating tests under different conditions mathematically
10. Identifying effective aspects of various
designs
11. Identifying reasons for failure
12. Improving designs by combining features
tested to be effective
13. Prioritizing criteria and considering
tradeoffs
14. Re-testing to optimize the final
design/solution




Assessment Framework

Creativity and innovation (Cl:1-3):

1. Creative application of knowledge (S, T, E, M) for solving problems

2. Generating creative and innovative designs for solving problems

3. Creative application of skills to overcome difficulties in the
engineering process

Critical reasoning (CR1):

1. Thinking critically in defining problems, applying knowledge,
evaluating designs against criteria, prioritizing criteria,
considering tradeoffs, arguing and justifying for the final
designs/solutions

Communication (C1):
1. Communicating ideas, designs, test results, arguments and
conclusions in a systematic and articulate manner




Part | (a): Individual Knowledge Challenge
(Physics, Chemistry, Biology, or ICT)

* Duration: 40 mins
* Type of questions: MC questions
* 40+ questions in total

e Students are not expected to complete all questions and they
should attempt those which they are most confident in giving
the correct answers.

* Scoring method:
* 2 or more marks for correct answer
* 0 mark for no answer
e -1 mark for wrong answer (or more than one answer)

e Some difficult/complex questions (with specific indication)
will be scored with double or triple weighting

* Questions will be mostly related to HK DSE syllabus (including
electives) but some may go beyond to certain popular STEM
domains



Part | (b): Team Knowledge Challenge

(Mathematics problems and Mathematics problems related to all the four areas)

* Duration: 40 mins
* Type of questions: MC questions
e 20+ MCs for Mathematics problems

e 20+ questions for Mathematics problems related to each of the four
subjects (Phy/ Chem/ Bio/ICT)

e Students are not expected to complete all questions and they should
attempt those which they are most confident in giving the correct answers

* Scoring method:
e 2 or more marks for correct answer
e 0 mark for no answer
e -1 mark for wrong answer (or more than one answer)

» Some difficult/complex questions (with specific indication) will be
scored with double or triple weighting

* Questions will be mostly related to HK DSE syllabus (including electives) but
some may go beyond to certain popular STEM domains



Mode of Competition

 Duration: 2 hours

* Type of questions: Hands-on problem solving
and design

* Assessment criteria and methods:
announcement on the site



Sample Questions — Part I(a)

Q1) Which of the following statements must be correct about cooking and food?
(1) For the same piece of meat, the internal energy of a hot piece of meat is larger than that
of a frozen one.
(2) By using electric stove in cooking, the stove and the internal bottom of the frying pan
must have the same temperature.
(3) When crushed ice is added into a cup of hot soup, all ice must melt immediately.

A. (1) only B. (2) only
C. (2) and (3) only D. (1) and (3) only

QL) MUTFBRIRE R RV F » Bi— AL EIERE?
(1) FHHFALAE « PAARHINBEA T < A o
(2) P EIEERE » BIE T BRI BEEN R L E 5
(3) EBRERIMAZRSH » frA Kab g L RIRIE -

A HEQ) %“( )
C. REQ@FG) - HAQ) FIG) Answer: A



Sample Questions — Part I(a)

Q4) Laser pointer is a common device nowadays. Which of the followings about the laser beam
from the laser pointer 1s false?

A

B.

C.

D.

When the laser beam from a laser pointer strikes a rough surface, the law of reflection
does not apply.

The stronger the laser beam from a laser pointer, the wider the spectrum of wavelengths
given out by the laser pointer.

When laser beams of different colour enter a vacuum chamber in a glass jar from air, the
different laser beams have the same speed in the vacuum chamber.

A red beam travels lower than a green laser beam in glass.

Q4) Botismar2—TEE RV LE » LI —RE Ut s el RO H 2 s Y7

A
B.
C.

2 AULTE e Y RULC R IREY R IE T | L T E R LA EA o
ROGTE AR DEIRREE » Frsd HHY I GRE R ©

=N FEEEHTRDEERIE R AS 2ER M Y B
ERZEFHSEE % o

TR AT B RUCILRE B RO TR B o

Hi

5]+ AR TRTEDEERE

Answer: B



Sample Questions — Part I(a)

(Q5) Radioactive tracers are sometimes used to obtain medical images. A patient has been injected
with a radioactive source Tc-99m with an initial activity of 20 units. The physical half-life of
Tc-99m 1s 6 hours. What is the activity of the source after 15 hours?

A. Less than 3 units B. About 3-4 units
C. About 5-6 units D. Cannot be determined

Q5) MR NEREF ISR Ess o e faaiE E R 20 (@5 MY Te-99m FgTFEA—
FARRP » MaZ% Te-99m HYYRE FIRALS 6 /NFF o BEREE 15 /NIF IR R FHYEE 2o

12

AL D 3 BB B. K& 3-4 (BN
C. Ay 5-6 {EENL D. e

Answer: B



Sample Questions — Part I(b)
* Physics

Q1) An object of mass m accelerates uniformly from rest to a speed v n time t¢. Which
of the followings is the work done on the object as a function of time t?

Q) —~EE 5 maVH R NI IR R vy - LT ER AR
AT AR

1 'E'_zxj 2 ‘_:'_zxj 2
A W=-m=t B. W=m=t
2t t
i i
1 v v
C.W=-m-Lt D. W=m-Lt
2t t
f f
Solution: a = “r
ty
2
. _ _ 1 .2\ _1 2,2 _ 1 Vf 2
W—FS—maS—ma(Eat)—Emat —Em(;) t Answer: A



Sample Questions — Part I(b)

* Physics

Q3) Consider the following circuit with infinitely many parallel resistors. The resistances
of the resistors are in geometric sequence with a fixed ratio 2. Assume that R1= 16 Q. We
have R2=32Q, R3 =64 Q, etc. What 1s the equivalent resistance of AB?

Q3) FELLIT— "’Eﬁﬁ%{%ﬁﬁﬁﬁﬂ"’ﬁfﬁ VSR - FTA EEAVEUE 7] LIAERK

B 284 RS - BEER1=16 Q  Ff{oJEH Re=32Q - R3 =64 Q ~ {1HEEH -
HifZE AB Ejﬁ%%ﬁﬂ%%* >?
A—71—T1 1 T Solution: = = — + — + — + ---
R R R, R;
Ri1 Ro> Rs R4 1 1 1 1 1_16
I — = + + + .=
R 16 32 64 1—-0.5
R=80Q
R I
A 28 B. 48 Answer: C

—{E EL ]

1



Sample Questions — Part I(b)

* Physics

*Q4) In a galaxy, stars are orbiting about the centre of galaxy. Suppose the mass of a
galaxy follows M(r) = Cr, where r is the distance from the centre of galaxy and C is a
constant. (a) Which of the followings 1s a possible implication? (b) Which of the
followings is a possible relation between the mass density of the galaxy p andr. (1 mark
for (a) and 2 marks for (b))

Answers for (a)
A. The orbital speeds of stars in the galaxy are constant for different r.

B. The orbital speeds of stars in the galaxy increase with r.
C. The orbital speeds of stars in the galaxy decrease with 1.
D. No implication can be obtained.

Answers for (b)
A pxr B. p 1
'

1 2
C.po— D.pxr



Sample Questions — Part I(b)
* Physics

Q) E—ERYF  FIEERTNEEZEZRNNFLLE - —ERNNEES
Mr)=Cr  EFr BEEZRTLAVESER C 2—F8 - @ LA_FHEE—IEET%‘EH?J
G (b) LT H—EEZ E R EEpHEravREER? (5— 7S M )

@QFTHIEE
A ERFERNAEEEEAER 1 28 -
B. iVBEERR  ERFERHAFEENAA -
C. ifVREERL - ERFERNNABFBERETA] -
D. ‘g FEEmI LIS -

OFZEEe= R —
T
A pXr B_ptxi (a)v=\/7= 7=\/GC=constant
T
1 2
C. p & = D p&r

Answer: A



Sample Questions — Part I(b)
* Physics

Q) E—ERYF  FIEERTNEEZEZRNNFLLE - —ERNNEES
Mr)=Cr  EFr BEEZRTLAVESER C 2—F8 - @ LA_FHEE—IEET%‘EH?J
G (b) LT H—EEZ E R EEpHEravREER? (5— 7S M )

@QFTHIEE
A ERFERNAEEEEAER 1 28 -
B. iVBEERR  ERFERHAFEENAA -
C. ifVREERL - ERFERNNABFBERETA] -
D. ‘g FEEmI LIS -

OFZEEe= R —
T
A pXr B_ptxi (a)v=\/7= 7=\/GC=constant
T
1 2
C. p & = D p&r

Answer: A



Sample Questions — Part I(b)

* Physics

Q) E—ERYF  FIEERTNEEZEZRNNFLLE - —ERNNEES
M(r)=Cr EFr BEEZTLOAERETM C 2—F8 - (ﬂ) L/L_FHEE—*IEETEEH?J
G (b) LT H—EEZ E R EEpHEravREER? (5— 7S M )

@QFTHIEE
A ERFERNAEEEEAER 1 28 -
B. iVBEERR  ERFERHAFEENAA -
C. ifVREERL - ERFERNNABFBERETA] -

D. SR T LISE - Solution:
(b) M = gnr?’ﬁ, where p is the enclosed
b)ETHIEE average density.
A pxXr B p o= 4 o 3C
) P r Cr:§7tr3p—>p=4 5
C. pX—= D. pxr . nr i
2 Since the enclosed average density o< 1/7

The density also goes as 1/12

Answer: C



(1) A man has been collecting three coins (gold. silver and copper) for a long time. One day

Sample Questions — Part I(a)

stry

he observed a black coating on some coins and green coating on some other coins. Which
of the following statement(s) is/are the comrect?

FAME=MEE (g 37 ) HE T EE—FREFE - F—XK  MEER—E
HERER AW ERE » B —EFalaEs « LITWiERGE LRy 7

(i)
(ii)
(iii)

(iv)
(v)

The coating occurred due to a chemical process called corrosion.
ARSI £ B RS T U D22 R e

Black coating on silver is due to deposit of Silver Sulphide (Ag2S).
RRENECHEZ2REREER MR L#H(AS)

(Green coating on copper is due to formation of Copper Carbonate (CuCO3).
HlT=EH At E2 R AaRE R T iRER(CuCOz)

Silver usually is corrosion resistant and does not oxidize. However presence of
sulphur gases in atmosphere can react and cause sulphur-corrosion.

H BT SHalt - 2 EREERSWaAHR  EE
il e R

(2) (i) and (ii) (i) Fodi)

(b) (). (i) and (i) @) . (i) F7 (i)
(© Gi). (i) and Gv) (). GDED (V)
(d) (). (iii) and (iv) (), (i) FJ Gv)

(e) All

B & PR et

Answer: e



Sample Questions — Part I(a)

(2} The unwanted po]luta.nts‘ from the exhausts of vehicles include unburnt hvdrocarbons
(HCs). carbon monoxide and oxides of nitrogen. mainly NO and NO,. The first two

pollutants arise if there is insufficient oxvgen present to oxidize them fully. The oxides of
nitrogen are formed in larger quantities if too much oxvgen is present. Which of the
following statement(s) is/are the correct?

TR R EA SRR ERAE T EES S (HCs) » —SbiflE
F04 » ZEENOHINO: « MIRFR-T A » BIET Rtk = S EE L R
&5 o HINFESRFREE AN ek sias iy « DITHERGZE
HERY 7

(1) Any unbumt hwvdrocarbons and carbon monoxide can be removed bv being
oxidised, either bv oxvgen or water.
RrELA A EaTiRS L el — S LR ER R R B S R EE kRS LR
FhF

(i) Anyv unbumt hvdrocarbons and carbon monoxide can be removed bv being
oxidised, either bv oxvgen or water with platinum and/or palladium metal as
catalyst(s).
RrElAramiErnis L etfl—a 0 L EEESE B A E LT
BYEGT @ e B s ma @ kRS LmEER

(iili)  The nitrogen oxides must be removed bv being reduced to nitrogen gas with
carbon monoxide and hvdrogen gas present.
R L EE—S LS RFEERNES T 7 asthieR R E R m AR

(iv)  The nitrogen oxides must be removed bv being reduced to nitrogen gas with
carbon monoxide and hvdrogen gas present. These reduction reactions are
catalvsed by rhodium metal.

A LAE-SMPNESREEN R T ThRBERRERmER - &
iR RERELE AEEE

(@) (i) and (iii) () Fi7 (i)
(b) (i) and (iv) OFT ()
(c) (ii) and (iii) (ii) FH1(ii)
(d) (ii) and (iv) A (v)

{e) None of the above  ARLIET B

Answer: d



Sample Questions — Part I(a)

(3) A coffee companv has recentlv launched a self-heating can of coffee. To heat up the
coffee, a button is pressed which mixes the heating ingredients — a verv dilute solution of
sodium / potassium hvdroxide and calcium oxide. The can then warms up 210 ml {210
cm?) of coffee by approximately 40 °C.

UASE 2, B B3 HeE AOEY S OEAIERE » P2 T —{@PEE - 5080 HBRE RS,
{EEbHE R OTHER INEESRLE » Feff—REEI210= (210 ST ERBMIEE &
F40°C o

[f we want to control the heating rate of the can, we can alter the pH of the solution. How
would vou expect the rate of reaction to varv in acidic, basic and neutral conditions in the
order in which thev affect the rate of reaction, fastest first?

ORI ErE R IR JF o FRAFTR LIS s iR eypHE © Rtk » cpd ARt A
S E RS R BF#T 2 7

(a) Acidic, basic, neutral FEEME » fEtd o B

(b) Acidic, neutral, basic FEME » dpf o i

(c) Neutral, acidic, basic Hr{4% » B[4 » gt

(d) Basic, neutral, acidic g o 6« BEME Answer: b
(e) Basic, acidic, neutral  FETE » BEM » G4



Sample Questions — Part I(b)

* Chemistry

(4) Referring to (3), assuming that the heat capacitv for the coffee is the same as that of water,
4.18 JK-! g1, calculate (i) the energy needed to warm 210 ml of coffee by 40 °C.
Hence calculate (i1) the minimum mass of calcium oxide needed in the can to function as

specified. (Given: CaO + H20 = Ca(OH)z provides 82kI)

(a) (1) 70.2KJ, (ii) 24.0g
(b) (1) 70.21k], (i1) 48.0g
(c) (1) 35.1kJ, (ii) 24.0g
(d) (1) 35.1kJ, (ii) 48.0g
(e) None of the above

Solution:

To warm 1g by 1 C requires 4.18 J, 210g by 40°C requires 4.18 x 210 x 40J = 35.1 kJ
1 mol CaO provides 82 kJ. We need 35.1 k] =35.1 /82 mol = 0.428 mol. Taking RMM for
Ca0 as 56, minimum mass required =56 x0.428 =24.0g

Answer: c



Sample Questions — Part I(b)

* Chemistry

(5) Outdoor flames, such as outdoor heaters and the Olyvmpic flame, contribute to global
warming. This is not onlv due to the heat released, but also due to the carbon dioxide
produced from the combustion of hvdrocarbons. Most outdoor heaters are powered bv
small cylinders of propane gas. A tvpical outdoor heater designed to produce 15 kW of
energy runs from a cvlinder containing 13 kg of propane. The standard enthalpv change

. . -1 . 3
of combustion of propane is —2220 kJ mol . Assume 1 mole of a gas occupies 24 dm
under the conditions of this question.

Calculate (i) the mass of carbon dioxide produced when all of the propane in a cvlinder is
bumt completely and (i1) the total amount of heat energy released bv combustion of all
the propane in a cvlinder.

(a) (1) 38 9 kg (ii) 655 kI

(b} (1) 13.0 kg (ii)655 kI

(c) (1) 389 kg (i1) 650000 kJ
(d) (i) 13.0 kg (ii)633000 kI
(e) None of the above

Solution: (i) Moles = 13000/44.1 = 295; Mass = 3 x 295 x 44.0 = 38900 g = 38.9 kg

(ii) Heat energy = 2220 x 295 = 655000 kJ = 655 M)
Answer: c



Sample Questions — Part I(a)

* Biology

The following diagram shows a kind of device which can treat coronary heart disease.
N EF~— S A (IR HY RS

(Image source: www.cmoney.tw)

A. (i) only
55 (i)

C. (i) and (iii) only
HA (i) K (i)

Which of the following description about such device
is correct?

LU IE RE TR St 2008 (8 as 2

(i) It restores blood flow at the treated area.
Bl aF I ENMRE -
(ii) It can be applied to all types of blood vessels.
EHEANrAEANME -
(iii) It compresses the surrounding plaques.
B B4 EERY PRI -
B. (ii) only
HA (i)
D. (i), (ii) and (iii) Answer: C

(i), (ii) Jz (iii)


http://www.cmoney.tw/

Sample Questions — Part I(a)

Recombinant DNA Technology is central to genetic engineering. What is/are the possible
challenge(s) when developing or applying such technology?
DNAEEZH T i3 (L T AR M R B B » 2 B FHaZ R ol - DU NIREE Rl RE B £ HY
PkEk ?
(i) To control the gene expression of recombinant DNA.
Yot E4H DNARY FE R 733
(i) To find living host bacteria because they will be dead when vector is isolated.
PRl ENE LR - RNAEEECEEET - FEHERFIET
(i) To find enzymes which can breakdown the linkage between complementary base pairs
of DNA.
P AT DL AEDNA G B AR AL T R

A. (i) only B. (i) and (iii) only
HA (i) A (i) (i)
C. (ii) and (iii) only D. (i), (ii) and (iii) Answer: A

HUA (i) R (i) (i), (i) Jz (iii)



Sample Questions — Part I(a)

Every year, 3500 button batteries being swallowed are reported in the United States. A
group of the US researchers attempt to produce a tiny robot for removing a swallowed
battery. Which of the following would be the criteria that the researchers ought to meet?
TEEE] - BFA 3500 EALHGERE - —BESEEIVITE & B S B AR DI R
PR HVEM - DU NIRRT 2R S VAR AE 7

(i) The robot fits inside a capsule.
PR T BB EN -

(ii) The robot efficiently propels itself in liquid medium.
I A RE A O AL IR s HHEZE -

(iii) The material of the robot is very hard.

IR N et S5 e B

A. (i) only B. (i) and (ii) only
HA (i) A (i) k(i)
C. (ii) and (iii) only D. (i), (ii) and (iii) Answer: B

HUA (i) R (i) (i), (i) Jz (iii)



Sample Questions — Part I(b)

Phylogenetics is the biological discipline to elucidate the evolutionary relationship among
different organisms. In recent years with the advances in DNA-biotechnology, scientists
start to reveal the evolutionary relationship between organisms using the similarity of the
genetic codes for given genes.

In the case of mitochondrial genes, one species will only possess one set of genes due to
the haploid nature. Assuming scientists have revealing the nucleotide sequences of four
bird species for a given mitochondrial gene as below:

Bk e (RS2 LSy — (B #ls - DI EAEY) ZERELR G - 08 > RNER
FADNAZEYIRE VS - RIER B AR EERVEFEFEWSH LU - BREYERY
AR A o

ER SRR BB ARG R - — (BRI NHIERN A E —F - EefleEx ek
VO[] SRR o B R — SR R B IR B R P 571 > A0 TN

Bird Species & 4E47)f& A: ATCGGGTTTTAAAACCCCTTTAATATATCCATTTAAACCGGCCGCTGTCA
Bird Species EJEY/fE B: ATCGGGTTTTAAAACCCCTTTAATATATCCATTTAAACCGGCCGATGTCA

Bird Species E4E4/)f#C: ATCGCGTTTTAAACCCCCTTTAATATATCCATATAAACCGGCCGGTGTCA

Bird Species E5HYJf#ED: ATCGCGTTTTAAACCCCCTTTAATATATCCATATAAACCGGCCGGTGGCA



Sample Questions — Part I(b)

* Biology

What is the percentage of similarity in terms of the genetic code between Species A
and C?

Yt R B A R E RO E ot 20 2

"/

A.8%
B. 4%
C.92%
D. 96%

Solution:
There are totally 50 base pair revealed. The number of the base-pair difference between
species A and C are 4.

The percentage difference is 4/50 X 100% = 8%
The percentage of similarity would be (1-dissimilarity) = 92% Answer: C



Sample Questions — Part I(b)

How many pairs of species are there if we carry out a pairwise comparison?

HHMET—H AR R X D EYIRERC g E A ?

o0 >
o0 O W

12

Solution:
There are 4 species, so the comparison between species would be 31=3x2x1=6

le. AvsB,AvsC,AvsD,BvsC,BvsD,CvsD

Answer: B



