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Contributions to the Journal

Articles for the Hong Kong Science
Teachers’ Journal are welcomed from anyone
interested in Science and Mathematics
Education. Practising teachers are particularly
encouraged to contribute. Articles may
be submitted to the Editor at the address/
email address given below in either English
or Chinese. The next issue (Volume 39,
September 2023) will be published in
September 2023.

In particular references should be made
using the name-date convention. Abstracts of
articles are not required, but it will be usual
for articles to begin with an introductory

paragraph.

Authors should make clear the namestyle
and institution which they wish to head the
article. Long articles, or articles with many
illustrations, must be submitted on or before
30 June, 2023, though short notes, book
reviews may be considered later than this.

The views expressed in articles within
this journal are authors’ own and do not
necessarily represent any official view either

of the Association or any other public body.

Copyright of each article is co-owned
by the author and the HKASME. The
HKASME is willing, unless otherwise stated,
to permit other similar educational, scientific
associations to reproduce articles from this
journal (for non-profit making purposes)
without prior notification, by giving the usual
acknowledgements. This does not apply to

articles reproduced from other magazines.
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Editorial

Dr. AU Siu Chung
Journal Editor, HKASME

Following the idea adopted in recent issues, this issue of Hong Kong Science Teachers’
Journal consists of two main parts: ‘Articles’ and ‘Newsletter’. We hope that our Journal can be

academic, as well as informative about the HKASME.

There are 6 academic articles in the ‘Articles’ part. 5 of them were written in Chinese, while

1 of them was written in English.

The author of the I* article “&FH#F iy - L F#H#73.0” commented on the development
and progressive changes leading to the industrial revolution 3.0. With the invention of computer,

we had to deal with the concept of reality and virtuality since they were interconnected.

The authors of the 2" article “YEJT] 25 {L 1 SITRTEE H 2 HEE « DUDIEAAER T 59500
JEHT % used a case study in teaching probability to cater the learning diversity. Students were

initially given open-ended question and applied their knowledge. Finally, students were invited to

create questions for peers.

STEM education is still a hot topic in our education system, teachers are using various
methods to achieve a better learning outcome. In this issue, we have 3 articles under this domain.

The authors of the 3" article “—flij/NEVYFERIISTEMZEHE : 5 ZFEEZ 1 started
an investigative study with students. Using an simulation experiment, students underwent 4 stages
in STEM education: simulation experiments, scientific inquiry, production and reflection.

The author of the 4™ article “f3{7#STEM#Z:%H” shared sets of STEM-Teaching activities
he designed in order to promote the STEM for students. STEM teachers who like to design these

activities are highly recommended to read this article.

The author of the 5" article “FEE2FISTEMEIFIE & 1Y PE 7 Bd B #E” practiced innovation
and technology education by one-stop experience production process. With an experiential learning

approach, students were cultivated to solve problems and adapt to changes.

The authors of the 6™ article “Exploring Productive Failure as a Pedagogical Strategy in
STEM Lessons” discussed how a productive failure could be taught in schools. From rocket cars
to circuits, students were promoted to generate and explore multiple representations and solutions
methods.



In the ‘Newsletter’ part, a lot of information of the HKASME can be found. Members can
revisit the activities held in the last academic year from the “Chairman’s Report” and “Subject
Reports”. Among the activities held, the AGM Forum discussing STEM education is of course an
important event. The article “ZF/EEIPEE 52 & JF4F & 5 A 52022 reminds us the highlights
of various parts of the event.

The cover photo of this issue is a photo captured during the presentation of souvenir to Prof.
Wong Kam Fai, from the Department of Systems Engineering and Engineering Management,
CUHK by the Chairman, Mr. LI Chi Man, Jimmy, in the AGM this year. Dr. Wong was our guest
to deliver the keynote speech in the AGM about Metaverse and Blockchain. HKASME is very
grateful to Dr. Wong for sharing his insights with our members.



Bhaf R
RS S £ IU@FH

S IR TSR =y - 78S T %p TR T R lﬁ[ﬁ[#ﬁim
TG IS PR FRE O IER 2 R et

A T HOHEFORTY T o FEIISREL Y £ o LRI S

H1kd ((ﬁq By — T ¥ 5m5.0) pqtﬁg#[: VIR H 3.0 B A L
R R TR - ST &ﬁ%«%lrﬂﬁguﬂﬁ P PR R -

F2hF (MEH Z RN T : DUNEANFERBE T 57 NIEH A01) 19 (=8 275
fﬂf EIFW DRRIE - ﬁ?h’ﬁ?éﬁ P (R s 49 P 15« deb o 598 U g
K o

STEMZ] [y IRhLS 1757 T‘?ﬁﬁmﬁﬂw. o IEJF' HFE T EE Ry
FHN - SR W ST i E 3 R -

ki (—MHADEPFRISTEMSE DI - REFHZTE) [[=H=5 % RS A
% PpEURYR 25 T STEM P[RR 4 (WIRFS © MUdrie - RI5H% - i % Al
RRL e

g%%'m)z (IFESTEMEI) [V ) %Tlr.%ﬁb#gthTEMiﬁgwp yHERL
PSS HSTEM » 1RGSR PSS TEMPBT 2 B9 1| *'sr%eﬁwy

Hokd (F2FISTEMAIFIA Y Pan AR ) (19 (=8I |~ Rt & i - driag)
PRIRS] < EIRRS T O - S e

H6NE (Exploring Productive Failure as a Pedagogical Strategy in STEM Lessons)
OISR PRI WA 33 B PRI o GF SIS - 2 Prepm s
FYFIE e GFE A AUk



r%"fn J f‘}ﬁﬁiﬂﬁ’fﬂféfﬂtffi‘l%fﬁl?@* & (LMD A CRIARTHD (1 F A
E'IHI 1;:| F#@i%‘*ﬁjg‘;ﬂbﬁpﬁﬁﬁu "[gu%ps Fj%FIJTLQﬁHFQ ,i-ﬁ‘r[if"gwﬂl ﬁj
LB ﬁﬁWSEMS?ﬂﬁiﬁ w~?éﬁmw (TR S B
@57’(@2022)) [P T Y ETRELE @ S E R -

A%fﬂ@ﬂﬁ@ﬁrﬁ¢f N T E R kit a1
HEIIY ST AT RIS E R - PR PR ER o 2
%.%E’Eﬁiﬁi LSS Ytg* 73 F&%ﬁ[ﬁ&ﬁ g‘g {953 Fr dr Bl o



Contents

H ##

Articles i >

. BRI - 3.0

BRIt e IRIRAL:

- U 22 BUL AR KRR R SR

HRBEE L IR R A (b i B A R A T
RETFEL EEHEREMEEEARSE AR EAK

o /NP A I STEM B 35
Byt HFHEHMHEEES
RAEM L hREE R H AR A R

. EESTEMESH

Byt THMEAEZGHZE
B TN g R

. ESEARISTEMAIRHECH 1y 2l B 21 5

HEREN THEBEAEEGEHTE
R = A 22 STEMU R (T

. Exploring Productive Failure as a Pedagogical Strategy in STEM Lessons

16

24

31

45

Wong Hing Yi, Carmel Alison Lam Foundation Secondary School
Wong Wai Keung, Carmel Alison Lam Foundation Secondary School
Mak Wai Kuen, Carmel Alison Lam Foundation Secondary School



Newsletter &

. Chairman Report 2021 — 2022 67

LI Chi Man, Jimmy, Chairman, HKASME

. T TSSO O B R B oK 72022 70
WA EHHEEAFEE SRS

. Hon. Internal Affairs Secretary’s Annual Report for the Year 2021 —2022........cccceeueeuueeee 71

MUI Chi Man, Hon. Internal Affairs Secretary, HKASME

. R4 f%#2021 - 2022 (Subject Reports 2021 — 2022) 72
ERAE  EEg  (LEE - BER - BF
THREEHE 2GS RHETR




BHES - TEEHF30 1

BallEmm - T3E¥G 3.0
i
2R A
?ET%%%‘?B : steveyuhk@yahoo.com

g ERE RS o NIRRT R R S S 2

o 2% (WhLFFRE (Time) o SRS BT > 2~ FIHE > BRI 3 2GR [ g
Fre VD ELRLE Popa « o) PORUCRURL ) RIS PR W T AR

© 3T (RRUMEIRT (gravity) " IfFRESE T PO el % o RLSWEVR B SR

B g e
PRSP BB TR R W ) 20 Y A T 3.0 - R X
#h Ffﬂglff;[fk] P AN 3 i%{vﬂ}[ "R B Z:F[THA]EI‘JE*J Joo BT P WO Ffﬂﬁlqu\lj%ﬂjaj%i By
PREHINE gl e FERERUR - RERIL - (44 S iR
R PGS iy AR PR PO e

7B BRAR PO RSUREEL [ SEE  ARLE Ry

B f‘ﬁf LI ST © BT TR R F )7 1
2EBIIE- rJ 7#'%45 'iﬁﬁ[nf]ﬁ}%qw:f%\[

TR 3.0 Vo NS PR r" (2 e S St 25 [ T S P
2EfE L—H'F&[ rll':-ﬁlt”' }J%%J—Em :J *I,J%/{é‘j |]Ty JF[J /%EB cIAghe ,;IJF[jr‘f‘F ) /F;l M
BOPEOT o [ SRR - TIH PR CRAP S5 AR SR P g

1y “Lwﬂﬂ%ﬂ ARCBI - - X OB i ORI I A
PG » B (et TIPS > i o) zﬁﬁnﬁb 3.0 fOF R k;fp:iaqrg[;{jpﬁ [
I g T ﬁqi'lﬁ’ﬁ’\"l‘%i’ ¥ i M i g information theory )

BRI [ E 0 F ETESR[SS (computer science ) *D SEY (R ﬂf\—FFF[ %@%{) ) lﬁﬁfﬁ’
RS S (derivatives ) fllifit RS R & 2R [ (digitized ) -

L RO ST T %’*J’F%\f Ot gl -

Hong Kong Science Teachers’ Journal 2022 Volume 38

ERBIENEBREETI2022F 13553858



2 BEMEG - TEEGF30

R R E IR B A FEHERR ?

* [ﬁsﬁ'ﬁql'%%{&?ﬁ*]ﬁﬂ? QT+ A ¢ Pierre-Simon marquis de Laplace ) Kb (V)
SUHY o T 1814 5 RS (ISR IO S P
EHR VR SR PSS o A RS ’FL%‘?&ETLI'?EZVH it JIH# Ak sk o e A
[t £ P £54 3 3 I (Laplaces demon) Eagy ]ﬁg’?ﬁig‘? LHIFJ?WMALJT% PRI OS] A
P *UJ 20 5N SR *ur“%ﬁlﬂﬁz}%zlﬁ& FHFSEE ~ S A e po
ﬁﬁﬁ%ﬁmﬁ’T@*@““ SERGUEN - i P TH S R O R
© TIPSR
EVRIE TR FIRHRRAS O - ERE R s, A G 1F+ i
%&ﬁﬁﬁﬁwlﬁﬁﬁ&&ﬁ&ﬁ%wmﬁ~ﬁ%mmﬁ%m@—mmﬁmﬁﬁﬁ,

.ﬂﬂ?jﬁ%ﬁﬁi‘?ﬁ'fl_ TR > Y - VEF] 'E?Hﬁxﬁ LI ﬁ%ﬂ%‘ﬁ » pURLTe
PEREOER 2 TRESA ¢ ok -

©BE O AR A S ﬁﬁ 2
| L[;rpr lﬁ:%"iﬁ@] —‘};L[¢u~@ﬁjt%"4[ - HARIE % ﬁ?ﬂ’?ﬁ%l AT

*JJ , ;LJE[JF.IrEIF PEOES © g SRR PR AR T PR ] PRI EJ g A
L B BB R Wﬁw$@%®ﬁ%§<mMuwai~%@w~ﬁm%w
piﬂ“~ﬁ7%pﬁ%£%¢ﬁﬁﬂ’ﬁﬁ@@owaﬂﬁwﬁ%aﬁgﬂm,aw
AL A 2 ST S SIS G Cunderlying ) 197 1 O
PE I B S 5 ST SRR ] SRRSO 1
PR R A pY T [ Q‘J"‘J—‘\{Sﬁ,gujk =2 ‘(ngfli:F1 ST TRLEIREATEE

T 20 SHTE 30MHSEMHERR?
I%ﬁfzogk@ﬂ¢ W‘éﬁgﬁuwuﬁ%~ﬂ’TH%@?@?&?EW%?E
Ay T E' HE A » b $f20 Jﬂ"{

THEEA 3.0 b B QR 7% A e EAERAR
}yﬂl-laﬂg[ 1 {nft‘ﬂﬂ%" IJﬂ:\T'——

: EJ§ﬁ~%ﬁw1ﬁﬁ£§ﬁ*HW%ﬁm&'w@ FEER B ] Y S A

PRSI BAGEIN » IREFVIRIFT AT R SRS o by Tps - %’7@
F’vﬁiﬁ’é\f‘f Tﬁ‘ ( Steve Jobs) VP

o IHMET¥ 3.0 ﬂ*%"fﬁll ML T {:‘F/JJ %[E;FEJ‘:’JE’#\ flro ﬁé'ﬁﬂﬁ’ r %ﬁ?\ﬂ?‘ﬁii@
SSRSOIERE TR | o9 B - - PRI R FEE) % » 47511

ltge] 5 R B RS E D %%Jwaﬂj THF‘? SHW EETE PIROE P

3f[p'o



AMEF - TEEP30 3

T Tﬁgwpwﬁgrjﬁﬁ#n%H@%<wa¢w leverage ) » ¥ kL i
1 @%;m URYE 2 BB E G S PSS BEREPIE KT 2.0 pUR R s
TPV s N EE Jlﬂﬂi%namiﬁﬁ*ﬁﬁ“ﬁﬂ TR LO O R
2.0 W€ o T 20 fAAH o ARARVEY R 2 FBEARUENTIR G 2 RS S TR
P RS S T Gy 3.0 B S BB R R (M ISR R -

LE4F——3ITE AZEF SCEREY T4

I"Lfg"r?“k?ﬁ?ﬁ“* HGEEH *F'Lﬁgﬂi%'ﬂi_jl%gﬂ‘qi FERIR NS I"Lfﬁ?kﬁ@** R
U?ﬂ‘%ﬁﬁ%ﬁ A A (R ?T I~f§?‘k§%lﬁ T F'ﬂgﬂi?ﬂiﬁﬁ‘
(P blsﬂ\ FUS IS ) - HT‘J[F“ A TAUS I E i 1 S N ¢ ILF“%QH"JA%_QE%
PUREATS s (2" H15Y= - o TP I%Lsﬂ% R[] mg.’
ZH{H I ELED [ 73 Fp e B FGRE> HIF Cmeter) &1 fd] > [ (gram) &1 ETEI
Hig = (Joule) ?zr’iftiﬁ 0 *U“’EIMFEJ‘EFW' Hﬁﬂ»j'ﬁ*" f ELPL 2 5 f & (Shannon) 1948

T A TS VLR (bit) & ylF[E Ry ELPITEI SRR ] - % IR E
fy— flﬁ'%ﬁliﬁ‘ o

1. SEEICRIET RS

1880 % - %It (Thomas Alva Edison) &L Friafi jF%E{» 0, o qngg
?‘]J[ii 1'3}] EJ 4ﬁ,ﬂ F’\[é ’ ]][ l} | E n [[4}—'7@7 }% = ﬂ))‘HF[ J,EJ‘[_QI‘T?E I[FEI
—- A gﬂﬂ; FAELFEL » gzﬁ ,,EJ;HEHT 35"—1}5«%& TR gmu Rl zﬁiﬂlfﬁﬁ%l
s T‘ Nk Eﬁ“J (ALE i B 1 SRS it HIRIHITE -
Eﬂ?ﬁ%ﬁ?ﬁ@ﬂ“*i‘i PRI 270 T R (45
FIIGHRR) > SR > RS0 T 6 7R -

BRI R SRFGEETE - PREIT L S;eiE . D2 [ &

R o O TR - T E TIPS Tl e g T 3 2.0 [ PRV
ESEATIAN (ENI @xﬁﬁ'*ﬁ'}’%aﬁ FE s ] Z“”EIT‘ ( vacuum tube ) °

'—v-v
—|

ﬂ

* 1904 F > 7|1 PF (John Ambrose Fleming ) 5fFF v g1 4~

- ﬁ]”ﬁ' > 1907 & » BRI (Lee De Forest) &} My
@Fl, ﬁ%t F"nvg,\FL{ AT F‘t’*l%\# l[_{f“f i
(c}] ‘FJ J]:I - Iﬁﬂﬁ'@ﬂ:[“ IHL@ "E‘JFET"'[/ 1%4 ) 5§£‘L [ 5
i

RS L T R AR [P PRA - = AT I PR A
"/FEIEJFJJD B A > B RS PRI AR
[IRAIES i i 1 A L A R 2
RO A ] o

e 1947 F » "ﬂjﬁﬁﬁ ( Walter HouserBrattain)E"_"'F]Fd E ——{g 9996‘(9@‘ ee e el_ C
#{]( William Shockley )& [~ Fﬁi ’%‘E‘( transistor ) ° K5 é iR Sl

By AREE 484 (eg: 6041, 6C45)




EMEA - TEEH30

AL SBITH O~ 0150 5 4 B~ -
AL - ”*Eﬁ%ﬂﬁj R R A (SR

FIE RIS BRI o) M ITR s
,m;é:r@iﬁ FE = RIS 2 iw&llw?gi“jﬁwﬁ Ii - 1958 & » L= (Jack Kilby ) I3
(Robert Norton Noyce) 7] H[Jc;ﬁi FEL FF'L’PE’ ]:ﬂ []J TR Pk TR %&ﬁ
(integrated circuit > IC) ﬁ‘/FFFl (chip) o FIFI iz o Qj{ﬁ?[’ﬁ\ (nanometer ) "1 IC
S ARV R o 4 S PIC R REIC < sy R ) -

w%#’ EASmmm)£%T~ﬁ%%<ﬂ%@ﬁ%ﬂ%>@%w’N%ﬁ(m)$ﬁ

%@%ﬁmiwa B~ (AT PR G 875 T S REeE o (1-0)

wﬁ*PWLE'% ¥4<$@w>ﬁhwiwriﬂ"‘&_ it A

PR RIS D T B R
e i OO 71 % ki s fiwl EIRETIEN
F

2.

hwﬂﬁﬂr%fW%ﬁJWl%'%f RLBROHEER > i SN et R
Elr'Ejfn*éwwl TR f o~ Hhfl fp TR R = e f e S Ty
FOfFRL =gk l’*%&? CEPER R e

BRURNE NG r;ﬁf{u PIFIRVEEE Ry Wﬁ*ﬁﬁﬁfﬁd'j{ 'J@?ﬁ =
_ —Lﬁg;@”[ I @,@— F—q.*jpu, 3::;4_} fﬁlﬂﬂ [ pu@}ﬁ? | AN ;.ﬁjpj Llﬁlﬁl:l Qﬁij[l
IS F'* : FIF[ 'FA
25 (Samuel Finley Breese Morse » 1791 — 1872 ) L rbzEhisss I’*'j'r‘iiﬂf'fi—"ﬁf'ff;ﬁ]‘%ﬂ%ﬁ
E|ERE » AIUADHT SRS Uil - AR 1837 F QI - AR B4

> B Ce ) s SpifEe (REGRAM

> Hl (=) ﬂrq:lﬁﬁﬂﬁf 1§ b

T T NG S sl ke

> BT IR r%ﬁ—%tﬁ A AP (alphabet )
> A VR B (R

> i (word) VRAIOMBIR  iske R o

AR ‘]Ff A ]“1%7@&3‘? ( Alfred Vail » 1807 — 1859 )
W fé%%ﬁW%%ﬂléﬁwﬂﬁm e Py
Eﬂr‘f‘ F[ I gELI' [[—”——‘.ﬁi [JIFIFLJ [[—”——‘ﬁﬁ‘jﬁﬂ FJE] _“ﬁ-ﬂﬁl_ 'y% °

.II oo
‘oo °IL
N=XXE<C

|

I .
.
w

.

]

]

cl
Io
~oau
Io

.
o0
oo
.

——————

—AVWTOVOZZrRAR——IQTMUOD>
. 'III.I..'I.'III'
U T 1

1]
-

L]
.
.
©
.

------



BHES - TEEHF30 5

. FL{F lrﬂnﬁif_gzﬁw 92— @] 210 fHA a8 (Alexander Graham Bell » 1847 —
1922) 1876 FIGHRF 5 LA Wpﬁf (ERERLIID™ - iy R LR AR
FIIP RSy > T P9t~ SRRRULERL « Fg r‘Ti SRLHSAREENLEY o IR f'Fk[' BT
I Fﬁﬁﬁ:%j B JIj;;&},;@ngf'] (noise ) ° Eﬁiﬁy lﬁlfﬁ UpLpl— fRiEA b Eﬁ ’gh—%ilu [j{;"%ﬂz‘
(discrete ) IHE’F E‘_"'quaﬁﬂ 3 (contlnuous) (= #F?Fﬁﬁ‘y {ﬁl fic Jlﬁ“ ﬂtﬁ .

ERH

TS M H*%Ef 9\[55«'5\7@8%; i (Claude Elwood Shannon > 1916 —2001 ) = FZ,I{?’FZ]VQ:
Eﬁfﬁ?ﬁlﬂ’@l& }»fuJIJ;{'ETj =X 1948 EaN T R F'”FF” » B FF” o HPEIH %0
{037 [ HS FRORBRELR - B OTTE (705 SR - i W R 5 » B
SRPZRISE S IR PrRT R pu R 55 lﬁ'ifﬁﬁbf}ﬂ?*w%ﬂ%ﬁi B VSR - R
%F,qﬁ@n [Jﬁﬁg (code) fivE]H 4 E'FF IRE— P e PR l‘p‘ﬁ*i_ij?i@‘? (decodlng) g TR

FEIFEIL 48 (IO BRI 3 B17% {5 LB O BAE S0 (oA [’“(quantlfy)

- PEEISAOR) > S l?ﬁﬁ?@i’% -

L S

FrETE g i B ERAE— AT s - BT DB R — T HORERAR -
- [ﬁxﬂ“JEJlﬁjlﬂﬁiﬂ

d I,E?FI (inforrnation SOU.I'CG) }E‘\L_ [NFS?C:{LJJ\‘;ACTEION TRANSMITTER RECEIVER  DESTINATION
FEL (message » 11187 74 ] - |
ERFIEL) 7 < FOVFIpE -

MESSAGE MESSAGE
e [EEEY (transmitter) }H YR r
s+ RERI Al ) [R5
1 I LH) ~ 3
(s1gn’a E E/[ %7 iE ?J_IJ —
%?_L ,Fu‘[\ s I,EI oS ';EI EN= JJD ;'?f _ o SOURCE o
Fig. | —Schematic diagram of a general communication system.

(encrypted) FEGEHH -
o PRV T FEAE (channel ) » 9} fil f ﬁ:ﬂ?f? TR RS F#?'[ (noise )

o BUEE (receiver) fHFZ| ﬁgrf 3{&2,{ fﬂl‘ﬁ“{ﬁ?l{»_ﬁfg y;’ L ,% 9F P APEY jﬁlﬂ'*ﬂﬁﬁﬁ”
He# (decryption ) 2 FF F ;Hpb—}j?ﬁj@grﬁﬂ\ﬁj El o
" [fiffi (destination) i CIORASGHE H = T 0 7 B IR TS - [

RSB AR “ﬁf o (U, (mossage) T 1S4 AR
{_‘E (information ) - ;Lﬁﬁi?F“ L[',ijﬁﬂjr Bl



6 BMESF - TEEWR30

2. Fﬁﬁ’ﬂ?ﬂiﬁﬂé&

Elaﬁwqﬁlﬁ_ 15
*’EE' FF:J* [RIF=f
*T@HT*UE' EIFEL > s
fgﬁ%ﬂf’uw KA
151515 bclsl‘agilf"j EN
I e 1) SRR - 5 P e F':‘%‘iﬁm?ﬁ%tlﬁwfﬁJ%@Pﬂ‘?
FHRITI W Eﬂ*“ﬁ}%if" I;IFL,IFPUFIJ ERE fE £5 1 [n L I - A TR
FrOTREIEE VIl BRI lgﬁauﬁaﬁ%g [IpUE = i o
r‘f’“' “éltFWF HIE T *ﬁﬁ WE@TF BS it 'i%awpﬂ‘?

o DI R TR 8 AEIAD Y B R R S LR - e
AHEF L SRR R 4 -
> AR G X = e il 8 AR 8 T ai [ERBT T [T -
> SRS E ISR ALY - ST 1 (YIRS RL P(a)=1/8 -
> JEffs AL X P(a)= 1/8+...+1/8=1 ©
>

fist=0 PRSP S - A= VR gﬁeﬁ‘—* » SEfIVERE AT 1%
FE 0= 1 VRGPt o PNEVEEE R TSR § F[l_'_’li if Fﬁ?ﬁﬂ
I%rjpu@%up Nt L SEEREER -

o AEISEIUE EUR FERFLE OB L LG 4 (e & I 4 EE T
o AESEIFE Ulﬁua@* Rl B pySfissk sk e o asid s o
> FARIIRT  RYpuR F”,;LX— laiti=1,..., 4}
> BTV WEWRLE SR RL P(a)=1/4 -
> R (mese) ff BIEISH DU gL AR AR
(information content ) ° F“,EQE'J‘H*E?“ I(P(ai)) = -logz P(ai) ¥ jJVIFI,EJ_ ) Bl K

W RS YR E][loge (1/8)]-[-loga (1/4)] = 1 E=4 » skl < AT G KL E‘fjﬁ
fﬁ‘ B (self-information ) °

> o RIS EY e TP & IR ﬁjf o e > 9 g CER ”'f'F SUKR =
SEPY | laﬂglsmﬁgﬁagﬁ# Ef S L HD R -

C RIS CE R LR L DRSS R =H3.p g
p IR R NI LE A NG F LIRSS ,ﬁqg (ﬁﬁﬁ‘%m) F s f) A
o3 BV - R AR R RIS *’aaﬂufkua%ﬁ& BT
A SR ﬂﬁ%ﬂq@[ﬁ;%ﬁf% A L A B S B ) 2= B

;




FHEG - TEEH30 7

3. FEEFR

f[ £ bl F]xu gL HéLPI%ﬁJ R TS (R SR ’Jlﬁﬁjﬁ (& ,fijfifPEJ—EIJI'JJﬁE,E;[:%F’LﬂEQ
'iﬁﬂ Lesalit 'E"'?J I~ wﬁﬁ'?*izﬁl*#’lif*???[i['%fﬁl%%p@g,«é Bl -

. BR[| 'F‘F p;zﬁiﬁ? TFUCRIiE IIJ“{?_'?"J s a:‘J‘F[d/FU:J{'gII e an .

. k;yﬁg:;[ DNA %ggg,j%@yl& el f ;f pjgggst Ap}-ﬂiyf S Aguj FE{.[EI:F[
PRI BT B (B - kif;[ﬁujﬂlﬁlﬁlﬁd“ 31 [EEEELE > BT A
T«»C*%a’ﬂw RIAKIENE ﬁ~@%¥5%W%’§¢fﬁﬂ~@ﬁmX’
AR RS (LR S P T P A HO) R0 3 ] s -

(ARG R AR A (AD 07 S0 MR RS
* (REIGE T SREIRE > P RE TR (pricing) -

PR EELY o BLY [y pORIRRLL A R TS 25 P
BRI PRERL 2 25 PRI T B B > (AL R ] 4
R PIRIELL A g9t TR TR EL - TIREL T%i%ﬁkw L=
YIRS (R PSRN -

STEMET RS

S E RSP R I RO (R~ PR LR EIEA R B SR
> TR P B A 2 P FRS U (R A BRI PR LR A P PRl s
TTJFW%‘“‘ PEPMERLR VN S [ S pu T S TR 2p JET#*DEIH&\F} il - F[ﬂ" = i”ﬁ*E'IEW
Jr}ET* (B plis ~ 05 ﬁ“ﬁ%‘“ﬁ"ﬁﬁ% TR E T R (1, ) Iﬁ?ﬁl*lﬁ Jl["
HR| S ERIT - h TRRERR  FRE RS O+, S EED) $F
A= %H:f ﬁfﬁ@@'zjﬁg%‘g’ﬁﬁ L%~ Rl - FHETE[Z (computing science ) Jf'[l;;fﬂ

KR (computer science ) R[N %

1. BRFMfEIS

35.28x16.75=2 : \28=7; sin35°=?§l‘j\ﬁl', [1‘;1 7 FL pho 18 {5l >
g L B b LS
**Mwﬁfﬁu[igﬁHﬁﬁ;iﬁ#W@%W wwn
Fm FL Bl o E\Tﬁ‘aé‘f 'E'F ( Charles Babbage » 1791 — 1871) F%}E{‘
R ?‘]M‘Sﬁké‘é Vil (£ 5585~ 9> Difference Engine No.1) > [
EAE I D S SRR TGRS D A <t
§§4W‘%iﬁlwﬁiﬁﬁ(nm%4%>7iﬁWﬁﬁ
?th«@fﬂgj B ol Il Jj}[”jlaxk _[j ot IEI* FYEF RS U CRLE
B Sl s RN UE s uwﬁmﬁrU%@%mw




8 BEMEG - TEEGF30

B Y- PR R R -
2. FefRRH R

BB F ) Y2k (Gottfried Wilhelm Leibniz » 1646 — 1716 ) =2-f (F- Al R g [+ 7
e “F—T‘Erﬁ”ii’*“ﬁp@ IR S IR PSR RLP Y o Ty PR
%‘:f %Jh‘ FEREPERS - (IR B O L Ry 1+1=10 (?”"‘J ) e [t
|EIF - ﬁr” g o Fle s *[j flfgrﬁﬁ —fﬁfm R E, ] 1701 e bR T [[[ES‘I{EL[
AN FT@““W E'fﬂ%ﬂfﬁ (Fr. Joach1m Bouvet) lﬂllﬁ  FUE B T R P
[P ARLZS Fre T g =4 “@* 502 5 PIISOE - SR PIEPTEL <

Re SRl o Bl 20 & FJ'JIWF: [[B“}%ul | %ﬁoﬂll FUBTASUAEE o eeeee ,’gfsﬁi‘?}%ﬂgf@g
B3 [;QJ;;fyFr%“F[FJ J TPARE R o eeen L—,E'i 4[[_{E3J:|9{ (2 Emﬁguu'@awﬁjﬁgﬁgtﬁ“[
R 5 Ipw%,m@ﬂpnﬁ lm#ﬁﬁﬁiTﬁfﬁ Tm’%*ﬁﬁﬁh@
FyR= S i_ﬁ' Ealic e 2= ) ,J/Efﬁ“ﬁul o R - lgjﬁ}lfiﬁﬂ
Jltg& @ﬂrfmg"‘ &‘%L}*]Eﬁ]gl*ﬁ'

ﬁfuglr*rkf (7= il o fSUp S EH YT o 18 ] SR lElr r%y; Tﬂj%ﬁgj‘iaj\?
5 SR - PPIORSE T IIMR S I S IR SRR GRS 2
B E GU(pREE < Oy F e | O DR BRI R 0T A RS
B

3. ﬁﬁﬁﬁf (Boolean algebra)

1847 = > Fﬁ’ : @%(George Boole » 1815 — 1864 ) L+~ (EAENVEYE 5 #1) ( The Mathematical
Analysis ofLoglc) HA T e R 25 J?FE'FWJ]EI VR 0 1854 F 7 (AR JTFIE”J'U}( An
Investigation of the Laws of Thought ) f| IEI & [TF BYHRL L SEAE R (ﬁ‘}*ﬁm%’ FRRE) © %) "J'T“%’
PR e [l BTSRRI SR T R PSRERE - NI Blesi e 1 20 o
S T AR IR + 5 (5 I (153 -

4, %%?‘]‘ﬁﬁ (computer)

.« - Icu%;‘zf;pt;&z 1946 & » ;—}’\[gﬁ[?,’?"{ PRI ER0= ZH E (Dr.John W.Mauchly )
Eﬁ““ﬂd-’ﬁj (J.Presper Echert) H H] }%’ﬁﬁ'wf! |"Eﬁ%ﬁ"§4 el ﬁf‘iﬁ]E'J%’ﬁ
Fﬁi‘?&f\\: 2.4mx6mx30.48m Vil P EIAS 30 [0 AL %4 Bl A8 55 5 TS (Electronic
Numerical Integrator And Calculator » ENIAC ) »

o BV (OFHORHETES 0 1948 T XWIOL IR R RS PG IR o RRED Rl
P Fh FrISE 2 o 120 fi[Al 50 & {0 60 & R ﬁﬂ%ﬁ[ﬁ[“ Fﬁ#ﬁﬁ%i’g{

S

-
VI TR 1964 F X IBM 2 B SR R 7)) IBM
360 EIFEFE > FLITS [CRURHE, -



AMEF - TEEP30 9

1964 & 6 F] » IB-72 &) (John von
Neumann » 1903 - 1957) FE& v~ &y
d/g'[ (The First Draft Report on the

EDVAC ) 1 & VB 7 HH [ o

Device

Central Processing Unit

Output
Device

v

v

(stored-program digital computer™)

fBL A A -

‘%jj"]: ul IJ\‘ E“I‘E‘rﬁk 1970 =3 [ ; /54 , ol Memory Unit
AR ”*fﬁg‘%ﬁﬁﬁ g F"HPE&TJ
Fl = §(]}‘J |ﬁ =T @Piﬁ'ﬁ %"ﬁ‘, (Very Large Scale Integrated Circuit >
VLSI) »

Py e Fjiq'ﬁl FIA™ 1982 & 51 I*EFJQH r %@@‘?’l SE AT Fﬁ'%ﬁ ’ H:)}DIEJ\%iL[
%&F[JFL, ’«TFI s FLER M T %F ¢ (Artificial Intelligence » AI) Eﬁ e

BES—EI# S {LRFHA

JHyE

(Intel) WES gy (Gordon Earle Moore » 1929 = ) 1 gl 2t "$ (Moore's law ) »

ﬁﬁ%‘%ﬁ% Ry FLN [PVFEL PR ! - S 18 A ”{[F’“@ﬁ fh % 7‘43@‘%[@ o
S E Ry ] e ﬁL (1 SEERL * HEI = LI RS

1. lﬁl@)@%ﬁ(ﬁﬂﬁ :

B FF IR TTRA T RESE T T E FRIAE VWS B0 S S SO SE] S T
fﬂjfé’lﬁ (Papyrus) R B fIBISE] 5 & FryIH] a0 g Hpued
ﬁ% A ﬂf&ﬁfu_gh %?Jzﬁ i ey E—J&’ﬁé‘

3 0SSR E Y 2 T TR B T o

N (2T F D EEf 1@  BRUH R AR (W) S WRET S AT (T
TE B r&HI*E'v LB 2 [ R QLB 5T > SEATST L I RS AT
W I

=R (U= B SEPREASHIP - B~ AR 15 A (700 2 77 ) SRS H]
T B A B 7 B T R I R T

D SRR - A O B |
IS logo  EHA > FREE " B R - gL WDWU
< AP S < (R AR O - B % 2 B o 3.0 SRR
leuﬂ = (system automatlon) AT SN '%‘[HIF i N s x@ua:;ﬁ'-kjﬁ 5] sﬁ@(’pﬁ aﬁ
S EVERERE + T S0 F K - FTY [ - TR [ a &



EMEHS — TEEH30

10
BRI Y Y (AR B o T SR BRI A Y
PR (AR 2 3 e S [ R pOpSRY (EAY KL *’Mli[%é?ﬁﬁ

2. Fityiit

o 14 2 RO BRI ALE S Hi (19 B3R
Wi ?‘f [y« PR (B BRLM | (PSR ) 2 2RRAY ) »

['*ﬁ?ﬁﬁ (R HARLR] () 050) J2Ref) = ]~ ik (oY) Rl )
zﬁﬁii“fﬂ T R VT
BT o P R L SR i

AR P

PoEH P aniln

TR BTGRP S QB T i

SO TR O DR SR DU, (i)
(code » Bt i AGRJ28) Ayt » T ) [RASEIH 2 (RARDPEIR S ERIE o 32 P

S 4 [ FOON 4

. ;zqggﬂiﬁpgm s [ﬁma%\’?’féﬂ [FlfY T
FGH 1 Lo R T
T h TLEﬁF'E;f =,

. fF’J’?’ftH E#B“ﬁi:'f’ B E [~ BAT (i J’{f}i—yﬁ Fl
I > 7y ¢ ﬁl@ﬁrﬂjﬁ/\_ﬁl SHIE o RS

(modbern physics ’-}/Llﬁ'é“'é‘;['r?ru . ”FA) Fu JlFJ,
bURLE= & SR e oAt e [ SLGN)

AT b

poort e it \ K

NS €= 0) I A
SO fIE D)

o EFEH B S RSB PO 805 ST ¥ 3.0 B[O A kR
ﬁ#%WwWw—ﬁm PRI 57 L PR -

o KRR PR BB o G R TR
P < P zgfﬁﬁ ar*r—s«f;a P UL — p L IER
POvTH o - PR - ey R
?Jﬂ@‘?ﬂfﬂ*%% E=RE ORI R P

PR

P

B PSS E] > BUIRESAOR 28 [ PRISIOE

AR PR B AL (0 - P AL 20 S

TR ?‘[f‘ THEWSH () B E R
PP P o (ELRLRE o E Pash SETY 2

AR B PR B -
A gte

w

TSRl R AR EY o R SR P s
P g PP BRI R - P2 0 Ppoff s -
Mt 2B 5815~ L o SSEOTH) - A PRI B || 2 ot B




BHES - TEEHF30 11

Fmﬁ;@ el STe :”Jﬁfﬂ‘,]ﬁ CEER S R ST T OSSP (system
specification ) ° é?\ﬁfﬁfﬁﬁ!q&lﬁlﬁf@ﬁ%w by }H Wy [F*t VTR Y S A2 55 Pent 5 % ffif
%ﬁ%ﬁ”ﬁﬂ (entities ) » 3[[5‘%’4%‘?[5}?; A F’V"i%ﬂ%@?ﬁl (database ) HI[r - /}{—Jiflgﬁj
i MR BE H’.E”IEE‘F%J[ % q%‘[[ (entity-relationship diagram ) o f& LAY ) IFLHEE“I
;’ﬂp Jiﬁ%&ﬁ‘g

20 % [ (TR [0 ABSHH ¢ - I 4 5k - SRR WIS 100
Mo SiEY 10 (/A s B EJ 5= s ;&.« 4—1J,$\z E , n_ HZ{}?{ “EY Jf/lf/HﬂEJ~ Ef‘-{frﬁ
ISR TR

o YRIEAYEE] 700 FHEL ];% SRR AU N EY I YL 55 ok
il (REET) ﬂugﬁff,ﬁﬁ Ele

o RIETEE] 700 B ’?1/:?'; " EIRYH ~ 575~ A GRET) > F 0T SaGH in’ ~
fi-

IBﬁ* - W TP?,%“JE IEPRT T ’YET* E lﬁ'i_ MO AL PO L e
F'E“ %@?‘E*qf_ﬁu [Fo ’Fﬁiﬁ—% ill: Sﬁ BIFEE TR (fax server)
}HF’?‘ AR AR AS - F 1A i EJS%&E"JM[W'HH\ RO ETH] - B A ﬂr
B AARRYHIES - BHD§ ,lfF ‘/Iaﬂ 'JE'?JFW Ty e pIIP W%’ MRV SR “J
EH%%S%%'@%@” VEFC l‘le Hllf,:i’?‘/ =4 IWP?,PJ PR P10 & -

e R T A T fﬁi*%ﬁf{ﬁ (workflow system ) SEHEL [FUTRA > Gy E"Tﬁ‘%ﬁ
TSR, Gt TR B Lo gt
F T BLES s o ’5 Eﬁ A E’EI?JJ ( Optical Character Recognition OCR)JF'DFF%@ AR Hf(knowledge
engmeerlng) LA Y 50z ,(ﬁlg | E‘/iJE]EIJﬁF @?'ﬂlﬁ;i{ EIPUBEl~ i I - lﬁ*
Fi= SRR [~ ooe— Jfr*r@ﬂﬂgl iwﬁ'l’ﬁ%ﬁ*égmﬁ? RV (B HHES . i&“‘ﬂ FASH
%5[ 8- ONEY :g%@t\ﬂa&ﬁ;ﬁuﬂiﬁ%‘ﬁfumkﬁsﬁi REANIREACCI RN
HrpEnmpo &?{ﬁ??ﬁ‘?g[ﬁ ki‘?ﬂj BT - {7E R ”” 3?* I ;ZuJ%ﬁ‘iﬁ&ﬂﬁﬂJ ko
B NP L A Jﬁlim““ﬂ% R B
j‘H FEi A 7 o .?'F} JH Iﬁ'i_ﬁm:f‘?* e, 12 F} )EE'EW:‘#”IIE' °

BEEETE vs EERHEE
REPRRIT ST B~ L P CTEH IO > SRR R
il 2 R PRREARVH f efrofnt  f  p-
1. AHE vs BRAHHRFEHE

dé?ﬁw?ﬁﬁ:’ﬁﬁiﬁwﬂﬁ APIRISFRHE > f ﬁ?ﬁzﬁféi ’*h’%&' TIPS e A TR R
T 7 SIS Fl %‘Ei“& flat 3 AEATHTREI > T Fl#’f%‘?@ﬁﬂmﬁ FEFETEN
TR = R < to TS 'ijf i ERVRIRL - BT 6>t FETW%F? bURLAE 1 HpogE i -



12 BMEH — TEEH30

doEpY RS AR =t > oL e o 4 - L TEA
DRV T TEYT (=g IS 70 LR R

reality ) ° ﬂh‘ﬁlli’?ﬂ‘, ( Adam Smith » [
1723 = 1790) 4 i cifia i (2 LAk,
PR PRSP 25 M HE I

REESNTIL R TN Rt = _'
- B [ .
At ) ST P KRR B

B P GRFPAS ) » IO SR B 0 bl o A H BRI LR KA -

PPz EE g P ST
LIRN R i R
- M 3 'E?Jfllfﬁ?i}
(T+3 F&) o=l - %
W%%IEI‘JH'F[I'@/{: I
= 3 S flliﬁéﬁ}
(45&)» l*‘l EU el
k- R H NECE 5
RS AVEER - [hy Hg *E‘?—*ﬁ"i‘!f IE“IJETF] Fﬁﬂ VIR R BEIRE) S R
ETe FT €= g U lﬁfft‘&?ﬂ%‘ﬂfﬂ&l%?? | Ry R mﬁ'%”?wﬁglﬁw%&]?fﬂﬁ
IOER15 T Y R ﬂsra%{ﬁ;uﬁu%ﬂﬁ (real-time ) ¥(F1 > T3 CHH , HgoE T A
EI‘J&E‘% AP Sl S e ALV RS PR AN R A e I (I IEJJ':EEI'J Hiyipe
RLUT VA S IRLE ﬁi’}?ﬁﬁ%“ PR IR o [YE TR FRpE F i o 2
IF'EJ"”Z#— JEAE T ,ﬁl 2 TER AR ] €> 6 foh e o SR RLPYTE 'EF » e g T
EfE S NI pAEFIA P EF Efz'*i%“{r#ﬁiréﬁl. (Rl = | Fﬁfﬂ?ﬁﬁﬁl#‘wﬂtﬂ 38
(FbfF e Jepot Bl ) puzElii oY@ P& USRS - 0 pART fus Fuaﬁi@l_ﬁ ’
ORI A At UNE L EE ﬂ[l—“@’ﬂﬂ{}‘?ﬁ"’ﬂ?ﬂﬂ‘}.,wr{ e

2. i (Options) FIEH

EF@—LIF}E SRICY H"=?$FIF 4 ?éﬁﬁ_k- }‘«%ﬂ_“ﬁ F—F[Jjﬁél‘r— l}]ﬂi_{f‘ N :F.ZTE;[—‘&E' l| 1] E’[E IT
fiEm Bl s o IR 2Ty 3 (i bl SRR ll”%"ji_60 X U] SRl @ 3
|[‘{FJ|& SEul jﬁjf" 62 = ﬁIEFIJE?ﬂFVTE‘—‘F;IFUWE[ TR - FE LIS (options ) [y
ek E:lf,]{[ (derivative ) » I'JFSHIEE TJ;E_WE: (underlymg asset ) o HffifL~ 35{‘,?‘4 (contract) »
FFJ';:'@E“‘JF—,TFV IFl,]%]‘(spotprlce 160 F ) ﬁ[ﬁl%’j(exermse price > 62 F 7t )» Z[[#][ | (maturity
date » 3 fil Fl B[S ET) o YIRS [0 - SRS (premlum) Z[JIE 1) 62 7
[ﬂjga“ijfﬁj’i"iifll gy S —,%4 IUEﬂjv[lﬁJ’?’%]Eh‘[TH 100 3. ’FF' Fﬁjgl,’ﬂimpj Flelfpy
REFI] > IS FHE%‘” 62 w#ﬁﬂ P A > e iﬁﬁérg IO EEE S
7RIS R SRR VI 67 T V[ REPIN - T IR - AEEHET
HIFZ g e VR a g (F EL ﬁrwf“mR%@QVW’TJ‘E'J%"' o

i I

+ o




BMES - TEES30 13

F%?EWEIIF]EJ :\?J pflfjig\s‘;@%ﬁ_#ﬂ 17 >

(1-p) F‘Lﬂfﬁ&fj‘ PR AgE 3

EltZ] 5 nH‘Eﬂj‘ TR -

fle 5 mqu%\'[%é E{S‘?EI?P& Tu [l 62
A JFIEE<62 T FIREE TR Y o
A& o ”H‘WHI UF[‘r‘j ;;F[ PP 60

% — K#F’A?EJ—L}Z LS 27 o i 5%

IR & P2 SR 2
FIH A Tuli”%\f?ﬁ‘ﬂ*“f s =
EESE i]&l Y ]Fﬁ fifi (expected value) >
IR Y RIS IVAV AR S T e b A
SN |+ 1973 5 SUSIGYE | #7h (Fischer Sheffey Black » 1938 — 1995) AIREHE % 82
™% (Myron Scholes > 1941 - )}{‘—’]'1/ ﬁi'mi%{[’?‘}fl_~ ]'[E{ﬁ“'fjTIJE[[EBEE*JFKJZ\:;‘E*JJ%%?E;Ig s FB]
2B (Tto lemma) HEELIfE— §FH=N > #£7 Black-Scholes HFH=E » i Jepl— i ASymesdg gk
“fT (Robert Cox Merton » 1944 — ) K% WA= B e RIIVIRE S - = 1995 & » fr Al -
BRNR E Jd‘ F 1997 ?F}‘%'ﬁ Eﬁggﬁ

PP L » T AR 1 25 P g‘“ 7 RLIF 7 B AL oSk 2 A L -
HF@E’VF& (price) ’5[71{ FIIE] 4 [/H'F g l'éﬁEﬂLJF”ljj T‘%%[';?%{' (ERLYAP Sl 1 38 > 55

ﬁ?’?fﬁ%ﬁl S (i E"j HAgn| J[[HI%LUFE } (implied volatility ) ﬁ[ﬁﬂli ] ’f\L_ﬂJﬁEﬂ[ 2

BEFR]HpT T FEJL]iF' YD) Rl E gggjpu Rl TS558 3 |[4FTJEAQ‘£E[‘J$§7A
TIERY 5 £ (Clausius ) fﬁﬁﬁlﬁ"mﬁkﬂlﬁ F TR VEIETRCE (AS20) > £ }’tﬁﬂ“é‘
92258 (Boltzmann ) A FURT 5T~ PEEEIE » & PS5 WIS T URLR N
O i prad i o Fﬁ%i (Shannon) W Eﬁ'@f}_fﬁ ,E;'\Flffﬁ\]ﬁéy&fl‘% ’ xﬁl[ﬁ{fﬁiﬁ R OERRTRCE! -
e = E‘fjﬁﬁﬁf AR R B RIS (factor ) f&ﬁféﬁ?*ﬁ: IR = il
S ORLIEH PR B9t l'[ﬁi[“g‘ﬂﬂjj%[% RRPSELE A > o [ = SRR oA E&W@%ﬁﬂ‘h@?
= e &8 -

3. LM —STSMER MG A SR
PR EL LS » CENNRER - AR S OHL T 2T PR O SR -
AR 2 = e [ AR T RS ?Ejﬁdgjﬁtﬁ R O CRIT o FORL
P RS RS« A e 5L Wﬂtf R
@ffﬁ‘fﬁ]eﬂ O B AEY e e VSRS« T J L EI Eﬁjf s ey

(PHCTBARS - block) - 1 93 ﬁﬁwﬁ%%ﬁwwm ww@@[[m
A * (052" 1 B BRI - (4530 w (S IR E v
é*fﬁcmPLl Wuqfﬁﬂ*ﬁ I - RG> " SRR ] SRS SRR A
Al R

2 O ORI R S S U E UL T

mg@



14 BEMEG - TEEGF30

ﬁ%ﬁﬁﬁ‘**f“$ﬁéﬁ$ PR AT B IR T RLT TR R0 B IR
A e P S BRSO ”%%?4 SR e *‘ﬁﬁﬁwﬁ“# ';‘*F 24
Jﬁﬁﬂﬁwilﬁ i ?BMED%F‘F It Wt“*lﬂ*%li%iﬁ B YRR (e 4
%%ﬁWQWW%ﬁEWE*@%?Mﬁﬁﬁ%ﬁ%%%@~@W‘#%W‘Tﬁﬁﬁm)
[ty o B PRI P S AR SR TR o B A
] e @@S«'EJ% BEH - éﬁiﬁvﬁ%ﬁ“ﬂ%ﬁ’ﬁwmﬂ %,ﬁh AN Y~ F‘FJ@@JKEJQ
W§ﬁ_@’yﬁhﬁmwiﬁqﬂﬁ*whﬂﬁﬁi

REA Eﬁf/\%’(’ﬁ%‘?z?ﬁ?‘ MH] ’p?j@ﬁiﬁ’f‘ N TRNEN %AWFITEHIYJ FIE 2 RIEE ?ff\‘:&[ﬁ?'
P~ FLERE S &SR f’*ﬁﬁfﬁﬁ” . E'ﬁljﬁ‘%r’ Bl o P T R ﬁ[tﬁ%*—
Hﬁfﬁjﬁ.ﬂ@?}*ﬁi}‘%ﬂ_% FE - LT ',_{ﬁ]f S LRLER %‘ﬁ]ﬁi * i%lﬁf?agiﬁl( visualization )
F'Jﬁ%}.@r ° g@;\]ﬁfﬂﬁfﬁﬁfﬂ;? r—1 LR o (ERLIEA }Z‘iﬁﬁ%ﬁ‘“ﬂ BT Fﬂﬁﬁyﬁ’rﬁ‘f‘i@ﬁ@ T
L (A (TR S i ‘{——IHE U SR F{ AV Pkl T fl:lﬂ WE‘L[’%] O?JS”IP‘:’_(%
ﬁf’]ﬁlfj f?ﬁﬂTﬂ?’i’Eﬁ H l:‘LF 1o ?

+=h
hARA

Pl PRI SRR 16 A (AP Y SR BRIy P SRR B ISJEH?“E”HP - ﬁfﬁ" ]

19 f RS £1 - 20 LFRL - A | - w&'ﬂ ORBPR — BiIk L F‘i“*
#ﬁgﬁ | ﬁf-‘a'ﬁ 2.0 > _F/J —‘I.JI:\.IAF ‘E[JFJ_pld (Planck) ﬂ:[ _H‘I:EF'?EJT:IFPJ %u |‘L?J$J$E§jﬁ): E
PRSI S VNSRRI  T F L T HE ) 3.0 (D) -

rj_‘—“T'g"‘ﬁll:] YH - EI ffi"”.} e GH= Y T+3 E%E\ﬂjﬁﬁ?ﬂf&'l :

o RRPRE R T

o IR CHAT A ARG IS BN 3 AU 1% i -
) I [ I AL T RLRE > bR TR RL CHOR -

Y iR~ ARSI 0SS 5T s e T - 5 LR (o i o - e
RL- [ 2 (Laplace world ) » % 3% P 197 2 iwmfgwfgnui*ﬂ
B R TS O WWFWWW”%WWE%ﬁﬂ3WF%ﬁNE d
W3WH&HWW$U%§ﬁﬁmﬁ%H$ & SERL- BT 4 5 B OIER i
3.0 ) CHIE E T8 P U R

b3t (e M HPETSE - TR R SR PR - TR B

“Wﬁﬁﬁ'%f“ﬁﬁi.RJW°WﬁW¥ﬁ*@~ LS ST e
&y RIS 3 PR PVR=] s o e rr#’ﬁﬂfw"é RS (R E - (W RISRELT Tp Ty

SR 0 I%‘&'Fﬁ%l#mﬁ‘fﬁpﬁ“&uﬂ{-;‘rﬂ [ e R PRI T TJ LRSS Y

SRS~ R ORRERL oo SRR ETRE Y T R - SRR
TR R FERAL O 7\5’1*‘1'¢\]1E’1—}JE|®[§5L#IU



BHES - TEEHF30 15

T OO £ ui@ RS 1R P R
@%B“ﬁfé_‘?@p ©IF 3.0 BT S0 T ST @ R T PR AR P B
z o=, ﬁf}ﬁ FI_J40FEJ7QFILL[F§[ , b Tl ﬁ[&gwkwuﬁlglﬁlé k;%ﬁ/@@*b f' g’gﬁﬁ g‘jl‘i_

.H

bRl P et 4 A 9 4y A T‘ =i . R PUET] fil U PR

[i] qgﬂlH Peprz E’ﬁ;{ﬁ o

[ii] [ e fIAERLF R -
(] [ e fIAERLF R -
[1 q;l]quf[;@ﬁlp%j[ °

[v] q;llkqsg'[;@ﬁlpfj[ o

[vi] ﬁ;;‘]w¢ FISERLF R -

(vii] CBIERBLEFP) BT 8 o [(1HE 5 > 2 QUS> 1996 5 4 F]57- Ay
[Viii B e FIAERLF %] o

[ix] 4 < s pie] -

Iz



16 ERERCHERBAEE SN

HH R AR RUBAEEE S B
LIINER S8 0 0 1 W 2 151

iz 4

N e i G e P *ggﬁ—ryﬁf
=

FHE T R[S R 7J£'“3‘3{é<

»{.

T kFL' Ll ¢ zgiaoping@eduhk.hk

L’T

‘l\lg
—m&

S

]

Jll]

SRRl e e e s N LN (M
?wj%’j f‘ FIJQZ-} ‘(/[[[ﬂrwil 14[ [lpjes?ztﬁ Bl RLiE— mgsc]g}rr?ﬁ%@f[;ﬁu“g =
EIRLS IEEF PIEIED T pE 2 b0 ] R = AT RS R lElﬂ'Lf'fﬁ‘*?“[f"i@
HET 'Jf—_"f?';i RIS - Ty PSP RS o S PRERE H*?""fliﬁ&%' % AN
eed ]Tx-l’g'i%ﬂ\[f[pj E?ﬁaﬁiﬂjggn f' (VAR PP B SER %lﬁf@%ggagﬁ%
S SR U o Y 5 PR RIS - B
e IR R

FIEr A PR i ] f e A ~}:3$§:T3ww
I SETE DR DS R 2 TR B RRLE T SRS [
IR | AT ISP (ORI - IR - 190 B~ A - Y SEN S
PR« 2 T SRR B o IR R B DY S 1) 7
L J%#W‘ﬂﬁm%%$WﬁET QI (S IR
TSI BOTGRG  TIR{ZhE - S s R

_ﬂ

EINBEBENE - ZR(CRIBEEE

FUSCEIE 2 Bl ST CHRIRREE I S R0 S E SIS 2
# o SIS Tomlinson (1999 2001) Bt B R :’ﬁ e E?HF’E’ .
i iﬁjr‘%r(leammg profile) » SFEYEff"E (readiness) I bgﬁﬁﬁd (interest) &4 Iy
il > SRS k] "#? Il Fﬁ (content ) ~ %E? A (process) uaﬂ?ﬂg%u ( product)
RS pmhur&ﬂr%:’r T”ﬁéipﬁﬁ?ﬂ;ﬂﬁi@ﬂkl AU IS o & Tﬂ!ﬂ”f‘ R
ff” Eﬁ?ﬂ FL IH%E%LI“?&%\'*% BNl %E‘{[ I—Fuﬁfg;_rae?ﬁg&; lﬂﬁ’ﬁgﬁ?ﬁﬂ?jf‘ﬁtﬁ ??
PIA iﬂ%ﬁﬁlﬁ » (EEDIEPHY R SO AR 3 P [ PR B )
@ 2N Fﬁ,l‘l: SR FUE%E? Shp o

—

Hong Kong Science Teachers’ Journal 2022 Volume 38

BRBIEHEREE 202254355384



EREBCHERBEE SN 17

5 @ HERL T IR > 2 1 (25550 TRl 57 4 I Rilpo (ﬁfﬁ“‘ 2020) - 5@
4ﬁ [EPSPOE B R PT SEU BR  SEEI - TSRR SYT
TR SR SIS OFE Y Wﬁiw
f é? caroEsl ﬁh T SR e TV RAGE 3 = F1 T 58 516k ( the zone of proximal development )
Vs, 1978)- gﬁrQVﬁ?%#%%wﬁ& CERUPRSS G o
12 RIS

E'&g' '}U' TS Jéﬁlf{, o, T ]FEJI?[,M Small 1%,—{ HH LAY <<£Lij?‘?§liﬁ)f§i{‘;§ﬁ[fj§\’r
BeoE B [=55%283E ) (Small, 2017) T 2 RIRE R EER (pre-assessment ) ~ [T
]ﬂﬁéﬂ (open ended questions ) 1?{ I E [E55RE (parallel tasks) I'J W28 % FHERE (problem
pos.lng) }ﬂ\.aif ]Ff, (evaluation ) FUABI=Y > ERSEE HLHE T ﬂ gu*?,lig&%ﬁ &= Jﬁﬁﬂ&k fie
i‘*'zﬁ!?%'rviﬁf‘r‘“ (i~ R Sl Jbiﬁ%lﬁ Rk R T UE‘E& E
a3 F[u, FEZ ) R Fu'wébﬁjﬁnf s R 5wl&ﬁ*?ﬂgﬁﬂp Y
By - ﬂ#%?%ﬁfﬁfI*IW%@%M%&J**;@mrwnyfd B o
ST O REB R 2 B [P B T

HEPEETHEE - B RER

LR Rl [P AUTIREL  FARTT SRpuER | Jﬂ&ﬁ‘[;‘ ?‘[H J TRV IR 155
$ﬂw¢$u}%ﬂJJZﬁ?gg*wgﬁwiﬂ*kx*igmﬁwﬂpWﬂw@
%Wﬂ@%é@% w#%gp;-Jﬁﬂwﬁﬁwguﬁ@ﬁﬁ Wn*%ﬁ?iﬁ
fiedi TR SPPH SR TR HRL - e Y [ SRR
FLREGfSE [ 'ﬁiﬁf& AL BSI e EEUA < pIGE RS O F TR AR PYPTEREL e 5
F 153 SRpuen |prd? fi’j[f'ﬁi:?[F gwr:;_;ti ST EF 15 SR S Fj:f:ﬁ]"é]%a.»??lg'lfjrﬁ:—ﬁgi@J
@5ﬂ$ﬁﬂﬁﬁﬂﬂ%‘ﬁﬁﬁﬂﬁ‘%?%WEEW%’ﬁ@W%%ﬂﬁwwoﬁﬁv
@ﬁwmf@DH *ﬂﬁ%@W%%@Pﬁﬁ#H%Eﬁﬂﬁﬁ%%*ﬁ?ﬁﬁ?%%?

ERRE RN PR AT T RS S R AR ? 1) OIS P R e
= I—;L7 ENE ) Jr* wﬁf%ﬁ j [ﬂ Jpﬁﬂi SR Ee Ipﬁ“db%ﬁ%l Flmpeess
O —srﬂr HEH SRS IS > 1A I*BIFEJ*?'”E*J%

BT

F157 5 flam | AURRE - i[%“—[— 14 TR A §T4O 2P RN ACE %:{'CIJ}F]?* (7 [IFY
SRR L DT SR RS IR W}f



18 ERERCHERBAEE SN

Al > THRER
/

l, ENARMBXIRR | HHBEE - ERCHAH

B EE(F LB EBZENE S X)

l EXER . FHEES - #RIRRER

ropiiles <
Bxg FIEEMEEHEESENERE)

l BEABRNRBEAR

BRE(RHEAFERZRREREAELS - BBELRE)

|

\_ RETES TREE

Bl1: A3 kFAEHR

-~ RS (pre-assessment)

fol IS0 2 s el o o SR T s B L i@’ﬁ_ﬁ S R I e
RV S PowerLesson2 R B CHE T RS Efﬂﬁﬂjf“‘ VR
S PHRAIR 2 ipesp ot S IR AR, o SR PR IZ?FFPTVS‘“C?Y%’ »
; ng W B SR TR AT ORI ) B S

B2:fi* 238V T SeF0 R

o F'ﬁjﬁ?‘l‘iﬁ}ﬂ@(open—ended questions)

PSS » I IO - RRE b
3 r%ﬁf’@ﬂ%ﬁ‘AWﬁ'B A T I R e R IS

I R - g
g PR -



EREBRACHERBET SN 19

lA’FUlBé’JKd AL é’J °

B A

i [EB

B3 B A

T EL 1?!%‘ — SR l'ﬂj'f"ii_7 TRE) [ P AENED }r‘]]ﬁ&i_ér TPk 255
M5 .&W%%“El* HERLEL IR 4 P9 T "s"ﬁﬁa : éﬁ[ﬂ"‘“& JEpd ? (L% Eﬁl{[ﬂﬁ I‘HIFEJIEIA
QFFTWF' =X IEI %F‘F“WEZ HTF ﬁF Ol FIFEQI*BIFEJ PR e BRI IR =
@aag@mﬁ%wpﬁp S PRI TOS S HO LR O R R ﬁaw
& IIEIJ ﬁmu%@ Hb H%w ,i’s{ e [l“#’&j @?[Hl e“, [1ES=3 %FIJ[%FEWJ o T8 14[ HI
*;ﬁi$w ZEEINE R

> FBE A B BArA Bl b oo
> FE B BAfcR BaFd 3L - ko
> BFEC: BASES “Kbxéiﬁlm“/}v‘ ;§ » @ B B enE 4 A x&-};ﬁ]m“b‘

B
> FED: BB & AL 2WF A2 S aBADs ¢ 30a L >FhE A2
N
b RIS > F e O TRRTTRIAG S S Do - SR
PIZSEpER] 4[*5?%7 :E‘ JEZHFE J;ﬁﬂ*ﬁ#ﬁ?&ﬁ F,iﬂ%ﬁ EIRIFY o SR FLE gf;fg/p
b5 25 7 RARY A58 ROCIOTERTAR > S 1 B ITT [ 1@{‘**‘*;;1 kS

HE - wwwﬁ%}ﬁfwvﬁwﬁﬁﬂéﬁﬂ?iWE# HW%?EW%Fﬁ”'Q#m
B R AR A i %WTWW@Pﬂ%W R o
SLEIE IR -

= 2 F 5 (parallel tasks )

RGBSR 5P L R B SIS PR R T AR O N )
A Y EX-az it ??‘HFH Sma11(2017)#F?" r%’““f* 7 ERFE RN RE =)
et ﬁ*‘?"l_ﬁ?ﬁﬁ CACEHERR( — RS R S R %%ﬁz_ﬁﬂ ZISEE AR
- ﬂJP'FJD?"m i< Jﬁﬁ gt 5 (2) i'u:fﬁL REAI i%ﬁfﬁ F[FEI%FH‘JJE}E:E A= T 0
Ol -

FERLIFF 15 SRR SR S RS- (RS B R R
’F‘E'fﬂﬂj*?ﬂﬁ'*ﬁ I Fﬁﬁ‘ﬂlﬁ”ﬁié‘i@j[ﬂ %ﬁi‘af]%wﬁglc e JbEiF;lfi o
{702 FREE (7 CBL™ A 4) < (L35 AT B T
FFIFPFHRL O » e IS U T I R -

g
ae

j’
2,



20

ERERHERBEEE SN

AEAEAL 25 A iedte 20 ABERR  HELLNE
ASMEsrz 8 ? B FAIEORFLRERO R E)

—_— o
SO0 |»+i~ﬂf/£mtﬁﬁ/&1ﬁﬁ|

T——[aar i/ susAn/ wren |

WR—EH 6 LY 24 BOER TR 0 16 WA F4E o Fwndkfo
RABELFBATIZIR?BEF FASB(AFLRREHRE) -

If)—’f-;t: Rttt / Finie / FmmioRitm / Sie

X 100%

I SEA R/ At/ FuRbRitie / bR

#A—h xSt ey 200 Bk AR - LRy 300 B A
RfEieR - R Ao DAL ARG ST TR ?
BEsFASB(AFLRREHRE) -

FFA HEORH/BOANER HERRGEHRRZE

X 100%

SEHA D HEGRH/ABEAER /HEPREENERLE

AEEHAY-MERHE:

2 23

BFLAAR AR 1B FROUFRBNTHIZA ?
THEGH BAGA AP TARRL  FeAARGLNEAS
LEES

BEARAC AT 100 143 80 g4Fh 120 Rk &%4
FERAINEYLL?

£Hu

LBHBE U ER REARE 10 BA - REAFLLELTRE
Rk ?
2T RERPERR - RABEHE 20 A ERBA
BA 12 A ERERALRARKEITS2ZR?

ftshonB £H L E R BT wERELNFE 2R

Bl 4: T 7 s
P4~ 2% FIEEEE (problem posing )

FRBUILONERE 1= TR AR - (BREE - PO R P OB
ﬂ'ii"%\iﬁé’*af“ll?iﬁi‘ *f}’b‘é]uflf B RO f:él.'*‘i‘”a%&jéﬁﬁ R HRCTREET O
WEHI> 1994 )0 255 [ %g [ FFBE e If uglglgl—:t F_Ijgggfiﬂﬁ E‘g,jﬁ,&;ﬁg ,ypl'ﬁ,gjz_ﬁﬁ{& 1R

FHERE T JIf- Svd e & RIB RS *ﬂﬁ%ﬂ’? AllE 2 S RIREORE 12 GRRUL  2000) =
EERRE N Rl e g IR e T I Tl 1 ma@gagw
e VIR E VR ORORE AR < SR R D L IRIER T o B ST I AT - R
Sk g f@mg‘ﬁﬂ PRI A ﬁl#f;];%ﬂ I ,,,jﬂjggglmrgﬁ,
B (R PR [ R

a2 [ s 22 R AR e S EIUETE'%Z?W#‘J (EF Wiy
PP I RO ,/SLIEW%ETI#BPE{EIF%}'ﬁ-FN - FF”' PR TpeE H | JE > oy
F iy I}Elrf%ﬁ"‘o [P e 1 B e P »;f,t IL_H,.EIE TR »‘: =
B2 BT 15 RS TR o S RLEP S pOAIER

A AT

% [Py gl |



A ERCHERBEEE SRS

A& &R

Fie st e A EARA LRE

%ednd OODEOOOOO0
%e#ns DOODDEEDEEOO |
Eedns OOOOOOOOOD
b B

1. wpp i agediineg

21

b
e MEct B M ENHR A LRE -
eyns DEEDEOOO00O0
*efns BEEOOOOOOOO0
gegpsy BEEOOOCO0O

BB
1 50 2B oo 11

2. Golidibisetd 226 40i 0 550 2'4» B Ao gy 6 BB A2
3, LB Ee ineo:: A 3. F o Tk e P B Y Btk ?
aﬁisﬁﬂ‘g 5 iﬂéﬁ ZA LGB 2 aﬁtﬁ%%_ﬂkafnﬁ@unﬁﬂa .
\ / L. MR i ol =
s A
Ly} RRE = by

BB %\II&F‘I I'F‘, (‘evaluation )

P
7F' EIJ‘ =T |F‘ Fl NEG AR fi B eE %
BETE [“r%?se ARV R S
T

(UPRLRERE ~ SEREA PSR ) -

P s LR

I La\

MR » 32 Rl [~ 2508

FH T PowerLesson2 $5 % E:ﬁ?lfg = l'ﬁ‘l o

PECE mm’rm& L% o

D000 00000000 H% OOOLLOLOLLOLOLL OO

BS54 p AT

i
ﬁfpl—_‘m &l ;—éﬁﬁ 15\71%& Ej Eﬁ}»gjé‘gﬁa& Ig[ j%}';l s ﬁﬁﬂ]"[ﬂ[
%‘jﬂ“}‘é‘gé AP = RGN E SR eSS B

’Fk’o PowerLesson2 [ IV[fljg#)=" %7 » =ﬂ}‘r[§lﬁ€f_§ﬁ?ﬂ ST 50 E’Lar (i

-tg\“:—ﬁ:‘gl

PR B QI W ] A
i —flgw ) #‘J[ﬂ:—u‘JEI—k e F; %“F\I‘E‘JE —kpﬁﬁﬁg&j’r?xylpq%lwﬁrk s ﬁ;ﬁgﬂg ;1
M- 3% BB % I—MFI A }FJEE iRk El?ﬁ“[ﬁkpun - %
Fﬂl £ = 11'»_15 Eﬁ TF'I FEg | jﬁ“}alr&]fggpﬁwv | = ;,F aeﬁq;»q,@{_ﬁl d

fio ~ ﬁﬁf%ﬂ‘—ﬁ*lﬂfﬁvﬁ(ﬂl S S
R - [ P
hf*&ﬁ'ﬁw%?wagﬁhF{,a'w@ o F R ’9]7 it i o R

RIBK™ PGt - 5.4 SHHRIANM 2

EPFSHORI - FEFHRS S R o S5 fgg&ﬁp@fggg = Eugﬁﬂpwﬁ T s E AR
I’tFE’ B2 AT H - HHIREAF R F‘iiEFﬁJ pIERIE Rl e e e g

E3e %ww*ﬁ—’rgﬂwjﬂ“ S PR RS
e S e L e ‘HFEJF?JEW
fol F50 2 T IRIIAVEsET > AR Pl

PN » 52 (K SR
w5 BEP L EHIIRE VR
EER 2
] 5P FIEIRS IR 2 E = e e

%ﬁ!ﬁiﬁoiﬁmiuﬁ’— J%Thi%‘lﬁ [V -
FV*I*EEZE‘"‘ USSR RS o Eﬁ?ﬁ?"ﬁ@@'ﬁiﬁl' HH
B~ BECR! > SRR ARG R L = SRR

—v



22 EHEEACHLBES Y SN

Pyl (UEPRSHORE 1R T SRS SRR
fieofuse o (‘Q‘FFGTFPUI;[IEJFE’[GBIE& Sl 34 il &pj[plréf[l RUe e IO Rl B ~ AR M
ol &&?ﬂ%l T R o

P BT S *’sr%[j'ﬂj FIRED o o SRS S ORI SRS (5
Wﬂ’ﬁlﬁjﬁffﬁ?&ﬁu—ﬁ‘:@ ﬁEJEJ@j BE LR el AR T F*,P“" I*TEJF'FJE%
e | 5L e T P R AR RER R Fli= VR SRR | [l 3 5 )

SRRy Uy #'rg:ﬁfu}gﬁuﬁ?“ P T 5 SRR - 25 PRt =R

E‘%F”l?*?i} RE o By D o AT R P R IS T Fﬁ‘%ll B ’ffﬂ%ﬁ[ﬁ' *QEJTFj

ﬁﬂuﬂﬂﬁq'qﬂﬁ E R N U%”HJEPN PEIARE %0 iR

MEE{EIHW i‘J‘Hﬁqﬁ? NETEH S E %&\:" o BT irﬁipiguﬁjﬁﬁ" F"E/\lﬁ "T FREE!
I R B (S PORER > T R i %ET*E[ wm HE SR e IEEE S
VIR CampRgEd o S T e rﬁ«ﬁj Al /?ﬂ{:ﬁ R Hf#ﬁwﬁguo el JEF,Jt;J

FORREERSE ) CUNRYED - @@ o X P dpRE 5 POREEPE G AR TR

—LEJ[-HP[—\L_ﬁ;i

S T PR T R - 7 P w%?}bbﬂiﬂ 4y R
ﬁ%ﬁﬁﬁ?é’*iifﬁﬁm*%ﬁﬁmﬂ F“mpﬁwﬁ AT ﬁ%@kw
i 1H1‘£’§’E9¢“7 Al ;F[ﬁz&?ﬂ* S ]| I = ?ﬂ%ﬁ I:ilkﬁafi;{_jr
o S LRI B BT o T ig»ﬁ&ﬂ@
I 25 PRI Rk 5 G 2 Ui b e R P PO AR ﬁ”‘%‘?[ﬂ?ﬁ’ﬁ#
5t ER| (ERRE I?ﬁ PUEIT] o PRI ~erF‘J}H‘{~§}*={-E THERE F&H P E s s fis
S IR LA TGSl s -

—.E

A
=]

&

FlfE [;6,4\ CEeS T F 1 PSSR fﬂ%‘j RIE1E 0 Pl FEsspips i S fv -
~'2"T_‘3;'35*/}V5r9 PR F VIR B (SRR 2018 N o T 28 pVHiER [ ST ﬁ
A E o PR I (2550 ZY IR B0 250 2 RO FRVASIRED ) ARt
K EHIRE o @fnﬁu ﬂf%h%ﬁi PRI R mmhaﬁéﬁ_pm
SHP Fﬁfﬂf B 3L 1) Z50L o RIS A e VRTERR - e AT
2 E - A ?Jfﬁﬁu}"ﬂi* [ FIFEE - 05 WIS R o 2 B (PPl
R T ¥E/'I9TEJ§ ULV R CEPITIRY BAREE DI TREE ARSI -
E o) {ﬁJF'U%"Ef HIR=45 7 SRRy SRR PPV RIE - ety RLEF IV aE s -



EREBCHERBEE SN 23

SEXRK

L 3RiET (2020) F LR P KF AL EfoR (FREFELR) 5= +L=2H > F
15-27 -

2. Bk (1994)-THAL Fm § 2 H bk ehb § PN SR RNEREFAY § (L
) (R B #E Parsderen (KE%)) (F 152-167) 247 @ S84 RAER
KEFFY € °

3. A4r (2000) (RAER > B 2 £ B PRE2 FRET) A2 EE SR
ANKTELTHLEB? °

4. Small, M. (2017). Good questions: Great ways to differentiate mathematics instruction in the
standards-based classroom (3™ Edition). New York, NY, U.S.A.: Teachers College Press.

5. Tomlinson, C. A. (1999). The differentiated classroom: Responding to the needs of all
learners. Alexandria, VA, U.S.A.: Association for Supervision and Curriculum Development.

6. Tomlinson, C. A. (2001). How to differentiate instruction in mixed ability classrooms (2" ed).
Alexandria, VA: ASCD.

7. Vygotsky L. S. (1978). Mind in society: The development of higher psychological processes.
Cambridge, MA, U.S.A.: Harvard University Press.



y — 18N & w9 447 69 STEM S 2841 8

—fE/DERDYSESL ) STEM S E 28 F Bz K

9 R
e

g e e o i3
:[nﬁ‘_r%?q‘ﬁﬁ phng@cuhk.edu.hk

5

EUYEPTI BHUR 05 fILEE U R e i
gu 5:4/%‘5%%&“ 0 T [H“r'?éf A2 PRI IR R RR
Uy S R Uﬁél‘p UL i =] ;‘=4’p'¥°f/ﬂlﬁ @ZE‘IJEEIEEJ@I *’*ﬁﬁaﬁi
R T BT T RS AT 7J]Ellf‘4ﬁlw ; “Fbillt“j" Tz B B
Ry o R ,iIH%EH[pk i Eﬁ* N F‘ _,’?QJJ[Q FTEUF”J%?HDE'FU’? .Q;IEﬁTU
EI}.F[lﬁﬁk’/ STEM ?fﬁﬁ%}pu[ﬂﬁigﬁlﬁi DR - R - H| ‘E?F’E}J'}y'#;[— R Rl

SEENRYERET R ERY

gpRL Bl SPAORE A U RETH] > v AR AL TR R
EE R ] RS AUSTE ip%;bfjgmﬁgﬁfj FP»U;&,%\I

24 AU A

> NS E
> BFLRLASES A R - [ -

> AR PR - T - %ﬁfﬁﬂ" Y -
> T S A NI (2 R

> iﬂlﬁiﬁ' TR -

> R R R B LRI, -

> %??’r ISR 17 1] -

> ’C'FUE"@[‘%H?@ [1fo— H*ﬂ‘?ﬁﬁ'&*

Lfﬁ.ﬁln \J’Eﬁ’flﬁ?’?ilﬁf‘ BT 571 2715 6 AR AT AT E

%’:’[‘o

m

Hong Kong Science Teachers’ Journal 2022 Volume 38

ERBIENEBREETI2022F 13553858



— 18] v 4 45 69 STEM £ A8 5 5 2

H R

%iamiﬁﬁaﬁ

R N SRR [N -
3. ?ﬁW$¢$%%@%£uﬂww1
Il
Wk | AR (E Y TR (BT 1 R
)RR BRI T R ?

FFE

L. J?:'F—:TJFEF% DR S MR ’H{&fﬂ['ﬁﬁff'ﬁmf Tk MR
T+ A3REF

2.¥WW&“U§i%$#PWF ﬁﬁb%wﬂﬁmNW%ﬁ%’ﬁm

Pdtfé';\'g‘tpf’w’ﬁgjﬁi PLEBE ™ k] = ﬁ'lﬁfﬂ:
(@) Wi ﬂwﬁﬂ
(b) T F R R
(©) FII=HAIG (5 T R T )

3. [IERFSERRL R G (Tl 40 W vl ) AR el
IR 2 BT » PR (REREE L IR « BT SRR (@)D
- AR o WTHEE R TR L 2z 2 o g i
(PABLE DI REipl dr Rle = ~ UPIR f 2 T o R AR

jJEI:IEl&l_H_‘ﬁ\
4 HFHENTL SRS P S B BRI O 1 2 ]
il

o INTERRE T @I ?
o INPERGE CHUGRA (M

5. o CHETRES S A Ei’ﬁ'ﬁﬁ?j?ﬁghﬁ#l

PRER/PIST « Ryl al) - FHA (IR FOifa) - ) o (See)

3 ERl i (01ﬁuyfﬂgﬁéwuﬁifjhﬁ b Bl PR T T R
AP -
&S * I’—‘BEIJFﬁ[}[E[IEgEE £ I";g"ﬁffﬁj o
sl

LS PP K S b SR R R
2. PEBUERT I (B




26 — 18N v S 47 89 STEM %28 5 5

it I :EJZ"%” [l, /j%l‘pkﬂiﬂiﬂbﬂ ChLIfER)
i s |2 FEI AR %Hﬂuﬁi’;ﬁf

B U AL

Se6 | EE BTSN (TR RS (1

AL N
FFE

B e e
| e
2. MR (R (RS

REER
am%&%%rwﬁﬁ%wwﬁ%ﬁ??Jﬁ’ﬁmﬁMﬁﬁﬁQWW@:

LB R -
2. BB o RS 95T ) 2

EE'J‘nx;ﬁ‘]‘Fpula’rﬁ DRI N

Lo RRRESRTET (R P =) PEREATR
2. PURERIEIOREL] > - SRRV o bl IRILT PRI - (I D)

[l 1 - BRIV [ 2 A pofb e e

@glﬁrfrrﬁ PRI ¢kag%ﬁw J.&pm[ﬁ&%&f«&* Il Whjﬁﬂ’rﬁ%
IR R ST AT - ﬁn%ﬁjﬂfnﬂ FTASURERL [l 5 R SR A
w# SRUAL ]~ A AR AL RIS  FE PRI -

qwk‘ﬁ“ﬁﬁﬂi“@&ﬁﬁﬁ**H i £ ORETRL I
”ﬂyp eS| 1345 P i 2 ] *iJE[qF?—kF'H»% EITF #Lj rﬁ[ (EARLEST E R () B
ﬁ%‘%ﬁfﬁﬁﬁf ELFL‘*%PL (15 =R > g ] @*}’Fﬁ“*ﬁﬂ )L 17 Eiﬂﬁﬂ PRI T
§E4@ PR R AR - SR - [ EFVH;[‘/PA it lJpl*fEI ﬁ 2 (T[H?L [J o F{L“éf%
E1RIA B TIS EE ARE T E  TRIER > B (PR i Sz A E'JE‘J/%E“E% 511



B 5 1 45 6 STEM 057 B 7

F“EWﬂﬂMTﬁW$WU*ﬁfT?ﬁj’%%‘ﬁﬂmﬁﬂiﬁ$&’gwfg@ﬁ$§5ﬁ,iw%ﬁ%[
SHIRORME R 2 AR > R (R -

HBRS

T EFRITE - SRR S LSRR PRI - RSO - g
&ﬁéj%a??ﬁﬁﬁ( AR A 45 2005 )R HIDRL S 5 %Fﬁlﬁgiﬁﬁjiﬂ%?( prior knowledge )
Wﬂﬁ’%ﬁ?%ﬁ%ﬁﬁﬁéﬁﬁﬂﬁomwaﬁﬁr%ﬁﬁﬁm%ﬁ%ﬁw?Jﬁyﬂ
FFRLET T R

PRRIRZ XML REPFF > RawPE* 102X FEF%?

HER RS A R G > e R R e R > R RS
’%”%JEﬁWW%%%m&10ﬁ%MﬁWEf%v<wl>o¥mmw§gﬁi§§
5 PR IR 5 ST AR T R b~ U R 0 R
SRS - TR I NS 5 MR RO | R -

P B 1 R SR - B S - IR - L R
(RS - BRI D AN (- ) PR TR (S F )
¥ ) PR LS S - S A RS Ccontrast) e
ﬁ%’%ﬂJFTFjJ*M%erJWéWﬁ’mwggﬁwlwa%ﬁ’vm~wm
T [FI ORRT R 3 B S22 R RS e

RIEEE

SRR o TR e AT GBI ] R R TS S
RFT S < BUNRL: PP T ok 2 R TR T SRR bl
=) %ﬁf)’ﬁﬂ‘“ﬁﬁ% ST ﬁﬁiﬁ JFSPVB (R A (A e gﬂ??fﬂﬂj g

ARV o B ARR S (55 LRSS FIE S AIRHIVR SRR ) - R
JIPE STEM S50, 2RI BP0 Rl PRSSah 1 € o tflof] 505 3 3 I | < PItS
RLIHE  GURGLT AL (UG » 1R LRSS PO [ )
S TRL > 2 SRR PRI o AP RO TR R e
USRS i LR P RO B PSS R

TS Y R T PR EE- R IpeE

BAE 8 i [ SIS b o S ERLYER P P~ 1 i T
VR ST o [ RLERIRREY > BB A C H o FURALE R PR
SRR ST PITIAAE (R REY o (T A I 3 E I e [ (T -
1:4}5!%&4 ﬁf-jf‘:' [,“ET%‘ —_%?gr F[fj F&[;Ef ﬁfj :‘-CLI A;Z;U:LFJ‘[J fmlgﬁ*i%:éllﬁﬁﬁq‘?ég , [,yj ['quﬂﬁ[%4
SRR RO - [ P I T HEL 40 W AEHEAIRE B IRV T | RARVE B -

o O RER N Tl | MRGROR N s Ll
FUIRj- TR A2 o L A F,H AR ,F»Irgn %%E[fj » HUE P RLES (P
[T AR T AL 2 RSO | RS SR R [ T i
RN GEIP 2 2 R O RO PR TR EIR > P PPEHE pUAIRERL T

mh

—

— 7l
— =

Il



28 — 48] % v S 45 69 STEM B A8 3

B SPEGRORYAY o [ AL TR SPESIRAGRYAY o DI TR gl el S
¥

. '_F‘“ &#JH.J x&lrﬁ IIE{E» H‘fk‘i_fiﬂgljﬁi%gﬁﬁﬁﬁj IEE[]: :EZ }r%lf‘ B %U[&F[Lj F f[

a5 T ’ﬁ”ﬁ;ﬁ ORI [ 5 PR T, B

BAaRE

2 E{E’Jl’?ﬂ S ;p% ﬁﬁ ﬁ:@fﬂjﬁfm*?’}lﬁ% p IJ‘F&’ —E’féf“ R A
g ﬁ:t"é‘gi lﬁﬁﬁc[“ﬁ ﬂJ IEI | ﬁTEIE ‘5*‘ i_ %J’ '?FID“ J*ﬁﬁ TR I 1

g R S e lt—‘r:tu ChLFfFER) -
- B NI AREF A S BT A L A Sode f o 1 (TR R B A L T
B FeEAY 0 ¥R 2 ﬁv.‘&i’frﬁiii—ﬂ BT T E o T’F:’:’?séﬁ—’
THELAER o I IfRfF % 55 - AL 3 '“ﬁﬁ ¢ ehl fEiE djedk o
PEREAREBLITY > 4 F gtk A£3
R ‘VF'J A e dERSE LT JT‘ ﬁ*‘ﬁ#'”_l‘ﬁrc'%’ﬂ?‘ RIS A 'TH*
AV R[] SRR RO S 1 TR ST fﬁf‘ﬂi*?”ﬁ““ﬁ

2E
AR R (2005) (P ERII) B EARE) o O ST -

E TV P EITSIRLE RND  fHAR T

e ,*J[@Fifj\%%ﬁfj’%ﬁflSTEM SV D (FHEAEEE - 2017/0675)



B 5 1 45 6 STEM 057 B 29

ik
FTiE$3e ) HEFBRERT
L AME@EASIER

Bie- G405 1 L

2. BT B ERE S R H

- MR REIS [ B KT R A o
RIEPE® P d Bk £ 520 emx 20 eme
S ® s A S M T - RN

Wi HRELFnE £ @600 g (AL P ehER)o

WA FY 2Tt s Tkl o

3. BIURETEEHARNT?

Tl e R A Sui kA R

4. BB TEESFFTHR/SH LR E KT ?

LTS S G R Y2

4

AR FHRY @50 A GRTHAfRAT BRI

5. #fGHERL NSO EER (FioiRe)




30

6. e B E et 8 Aol e B

— {8/ S v 4 o) STEM F 484 3

AN APRE T - S EcR R Ak B
L EE - I g F b

7. HAEMM S RIE @R E

M A gm- B

s 87

8. HBRepRRER

il Adper gl iF g L [ APIE(T O 2 SRR
b¥ - e

9. BREH

A Bt LA R L ?
§o2opRi S @
SRS
w4 G
flica A

=1




BLESTEM A4 31

W% STEM 25

B
ﬂﬁ?f“l%@? FERIRE ]

7](
fi
°§,§=F =l @ tkdickson@gmail.com

‘l%

71: SI R T D BRI F 2021-2022 SRS RS STEM S
BB o [ LR osb e B SRR SR R e -

1. FEE=S

A E'[i%f%&ﬂ?‘%@ LRI RLPN B2 SR SR B B SR Y
B PR BRI (B R RO R 1| S FJ[HF{JE'?EE‘ i
%ﬁ%ﬁi?“’ﬁ*r”ﬁJﬁ% it + UL PR + g R LR
H CHEL[ BT [~ 28 ﬁ *ﬁ"“? %iﬂ U |"“‘§EHZ I:, Ef%‘ﬁ%%nﬁ—?ﬂ@#ﬂ i S
fusapRry oy o o %"p&q;— B EEYPfEE R VA i—ﬁﬁgj;lﬁigj;& P FEBAE 2 -
i-WﬁwﬁﬁﬁﬂﬁkmﬁP*’ R e e e T S R S Er
FIﬁF";&EIT B§ ’ _T ¥I 7J< IIIEUHT :#Jﬂ’ m—’yﬁlﬁc* Fn[uj?jid‘ ’ 7id' 1&%'—-?5&'@7;}3#1‘ F%LI'%i
ﬁﬁﬁ FafplIpy s P 1) =55 H kL [@;a;{%g%@;;?;ﬁg[ FL , 56 (Pf ,guip, i s
“W@’@Eﬁi?ﬂfﬁﬁﬁw‘%“W%O%%ﬂj»wwwuﬁjﬂg@WmeﬁauJ
SRBETE | B E I 1< PE BUEF L] AOHRE >+ * R (R STEM
) SR B STEAM [UEHIERF » 1)57 % RIRRE 05 P il B ey
SRR S SR T+ SR SR ISP
R IR S [ —upag‘;«%:»?;n R e 3{['?@*’@3” i J’FE'FTFU%F i
T%ﬁ%ﬂ B R OE -

O =]

1 =]
-~

O
I B

Hong Kong Science Teachers’ Journal 2022 Volume 38

RN E RS T2022F B35



32

P ESTEM AR

STEAM JE(3#

VYR [ [
v BRI g
R B EROA £ (e

Lt

ETH

T
v R R
v

A i

M B2




M ESTEM & 78
SHETH

® 2% WELE ® ST

o 2%E (55 ®

® D% ® TEMIHIE

® JRyEE o E

o s ® PR

o iy
%@ﬁ%'
,ﬁ&ﬁw U“& (=GR

L

2. FIP IV £

(e lER R AR NS

33



34 P ESTEM AR

3. [EE) 12 i RS TN RS R ]’“‘éﬁ?\ﬁrfzﬁ AR

W

4 IR




BLESTEM A4

7. FMVETE
SRR

Of=A Y o SRR T RIFVES ™ Bk 2 i

35

TR <R A B A

3. BFEABAERER

EEE
2021

e

QPR BT | @ 5 W R e R S s
o RIS BB S 4
® S5 F| N SN SPRA R G A e F‘Fﬁgﬁy%ﬁulﬁl“ [H3E R
Ea gfq’ﬂ@ﬂﬁﬂ?dzp YEIRHE -
o Fif ?Wﬂﬁ IR o (P R (R
WRAVE[SHE | e p‘if 2 30 FLI” ity STEAM R
LEiiie
- ROTRIE | @ ) 5P SR R BRSSP RER - e T e
L4 7Y
GRS ® MRRIFRIHRAS T T o ’é‘-"‘fﬁ’ﬁ?& F G ok - ﬁfy’ﬁ"ﬁ;f
I E R B R S PR "Fﬁ pLEPE o
© FRRMTE NN R - T B IR R B R
3 -
BT | o *ﬁwW%@@ﬁ¢
H ® RS *?WE&%J?J%
o




36

P ESTEM AR




# % STEM &7

37

: = &
HE 2 | BRI IR T (Y o

e

o T NERHT PIHATHRBNT  FR A
ORISR - AP AT - ¢ 2
%

o #“ﬁﬁaﬁwﬂ%b@ﬁ S AR RIR SRR -
® A NERV S VRBEIRAVEE P SO R -
() ﬁ‘jﬁﬁura*ﬁg,ﬁugﬁé?%f’ebﬁyﬁ I—@F‘ °
WRAIEEAH |0 [l 2y 37 9 STEAM !
i
H FJ L[II;‘“F”FHJE ® T [EM; ‘E';,Fn g F‘y‘iJﬁép&ér g E[& W’lj by
» BIRIREE -
HHR ® o3P ERE W RIS P i Rl E R T
b Bk Y

BORDVEI T 071 B1 = B e R o g

BV o

B e
4
v

T

SEETEET
voBE RS T

J*E J!

2. {RSKRBTHE? BROBHBIE, *
2 RSREBTHE? RV BHER/VIE, *
HEASE . 5T02R, S it S
o I G d w2 ST RS
GO R F R e gst AR

2 {RSRETEE? ERORHRD2E,
2 (RS RETRE? HROBHROAE,

FHIEKH A EA B
E/I/ﬁ P’ﬁ Qﬂ"ﬁ;‘/iw,“fﬁz’"g’h)xqﬁnnlﬁ 7/7]///? //%} KJW ,ﬁ"n ﬁ //__7

&

5. {RESREPBRIRREEE?

5. {RESRIONBHBRREAEE? ~

EATM T 0 SRR o AR A6 f




38

P ESTEM AR

2R BEERRE 52021

ERASE, BUESE.

1 {FE8E, BERR? *

O =2z
xR

2 (FEFBTEE? BnlBilino2E,

mfm% NI 1.3
(B &R
(S L7 YAy 873

Ry E 4

3. FERBS R SENBAEE? -

1 2 3 4 5

A O O O O & =

o U, R L ol

] O 0 O O @ S’m«l—‘

S RHSRIHAHBNEEEAEE? -

&S b AR B2 6 Rk
REL A PR A RLL




% STEM A& 74 39
- EEE)
T3 - DR R A A A TR S5
AR Bl | @ S B R ?ﬁﬁﬁ’ﬁﬁfbﬁiﬁf”%@?%ﬂ
® SSRGS AR
® - H?’;‘ap.p‘a’?‘ﬂ%ﬁ R i e b e e
WRAE|EAH | @ [y 2 BrREE Y STEAM FUE!
—}S'IH—F""
FrR=t L"IFEEJFEJE ® B ISR SN (ORI IVERR PR B T R
HETE
Eﬂ?%ﬁél' ® [ffer BN - [l B I AR R R -
BPFE R | *HWWW%*QEIH
4
&5 2. PREESETLUTEE  HEMEOSER YR ERRRE - iRk
(‘f BB R ERIEEN - AEEEREREGHDT - LITE 1 BEF 1 #EE
(HE LS BRASERAR :
IR
A : 8B : [CTo
WEBRT  BRA  RESFE
24\ ErE 20
(FEEFSEERD
B 1 BTEREE
BE A B |
FiE BERRIET 24 /N | BIASBTE | BESTE 24 /N
R SEE TRES RE 4 =E

1 ETHEREERHERER




40

P ESTEM AR

(a) *E'%/l &?j’ijﬂjﬁiﬁqﬂ-ﬁﬁigﬁ"]?“ﬁﬁlﬁ (%))
AKX 2 Toc g4 [
®) Tﬁ‘ﬁl B RSP EEER - 14
PR B 2 B% IS I B
© Ftﬂiﬁﬂlﬂ%gﬂ@—@ﬁ% | (14y)
(4 R ET R TR 15 A 516 Ro°F %%
{ «;’, 7. \
T% 2 Er S ERRE KRS EEE T REENEL
—SLHRE (%) <0.04 ~0.04 >0.04
B SRR G =] ae =&

@ A‘F&&%%ﬁﬁ Hj&ﬁﬁﬁ% ji'/ ﬁ%&%w’ﬁ]ﬁéaﬁﬁfb (%))
i85 A PiR m Q5P rEa T PLTE RS
f\ 7 % 77L /f\ uk Y 5;[

[’%oz_q:t

8% ’L,é*ﬁf/%ﬁ £ Bt ”Q’#/azﬁé
%v/\” O&? 714 fu X—Tm’
T (L EE B /T <0 o\w

(o) TREEERFESR B C PR EEEREEENEL
%ﬁ*m&&&%ﬁ%xﬂ -y ; B o @5
> -~ U _ ; >

7& CPhrBAE P 18T !z e

XIQW—’K




# % STEM &7

41

EGF Y
2021

ok - B BT TR R R

® - [flF Fﬁw%ﬁ AU F I T Ik SR S s
® % ifi ﬂéﬁ?"”j fl’f?’@ ’ EIJ?FH F“I%i*?‘i = ?’Hﬂiw’ ﬂqé’r'ﬁ
PR ) - e
° ﬁ:@ STEM ?’g’ﬁf,gw B ik £V 2 B
PR LG Mfﬁw EEH 1
® TE“J 5" micro:bit MakeCode #H= “%ﬁ'ﬁg‘ SRR/
® API
APTRL- FEEHETHEL 1> i blﬁﬁf«FﬁHl LI APLEY
SRR VR DR, T g e TS R SR IF R
A ROV RIS S -
® [oT
ToT kL 7E5F FUAERT ~ B - Bt A AE = FT;J“'” Ak o g A
%fﬁlﬂHI‘WEJ“J%“J ESP8266 [if] 145 ] &7kt QE%TU; L
A %‘“ | APTER 78 = -
® it I'E"«“ﬁ?%g
PSRRI R IR ] AR E SRR
L T S A
&i%ﬁ“% 125 94 G (7 B+ 00T
HE L “ GGG %%ﬁiﬁ'ﬁ”f‘ BB SR T
r'%* "E'rf‘?ﬁ’j.T%'
W RURSAE | e it 2 Py Fku HHAY STEAM RCE
BHF"
F[H"LI'};UF”FHJE o = ;Fu 'i%ﬁfl'; F’Q}!I"‘: zgzﬂrrgz»fi%;\;_?;»asegfﬁlﬁ_[ua;r%i[
5 o ?F il ur'#wﬂf%ghwmﬁﬂmﬁwa;;
HORY
TVEJEEI‘W@L%E v E% %W?jﬂbﬁ*@%?? STEAM FIU{EZ,I%JI‘
H S = Science : ?ﬁiﬁﬂﬁ'éﬁﬂﬂfﬁpﬁmﬁﬁ (ke 73 B8 R ETEAVECE -
W T = Technology * ™|+ il f[ﬁ BI00 ot, api, < Ab fEVEKES S et (=
T P PR
E = Engineering - Fj #5579 ﬁ%ﬁf 355 LA e R EI?‘WF“
fﬁ FJ\E,L%’TEJ
A=Art: R PR 7 U}jegrg; X RS -
M = Mathematics : EFIF'Q;]EI‘J%E’T Fd FITR = Sl 2p JQJ'(???’?EJE{T




42

P ESTEM AR

war prsen

Water Level

Water Level

Water Level

def on_button_pressed_a():
ESP8266_IoT.set_data("****ELPL55]9Q9**", @, 1)
basic.pause(100)
ESP8266_IoT.upload_data()
basic.pause(100)

input.on_button_pressed(Button.A, on_button_pressed_a)

Water = 0@

radio.set_group(255)

OLED.init(128, 64)

basic.pause(180)

ESP8266_IoT.init wifi(SerialPin.P8, SerialPin.P12, BaudRate.BAUD RATE115200)
basic.pause(100)

ESP8266_IoT.connect_wifi("iolder™, "12345678")

basic.pause(180)

ESP8266_IoT.connect_thing speak()

def on_forever():
global Water
Water = Environment.read water_level(AnalogPin.P1)
if Water < 50:
ESP8266_IoT.set_data("****ELPL55J9Q9**", 1, @)
basic.pause(100)
ESP8266_IoT.upload_data()
basic.pause(100)
basic.pause(60000)
basic.forever(on_forever)

def on forever2():
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A. Introduction

STEM is a buzz term in local education sectors in which cross-disciplined technological
adventures for students are often highlighted. However, an appropriate pedagogy for STEM
lessons is seldom put into attention. The nature of STEM activities is somehow not the same as
those in the usual learning designs in the Science lessons. In a STEM class, students engage in
hands-on STEM projects in which failures are frequently experienced.

From the perspective of developmental science, assimilation and accommodation of simple
facts are necessary in the advancement of knowledge base with complex links. Yet, the difficulty
of making scientifically meaningful connections has been well documented (Bransford et al.,
2000). Traditional Science teaching instructed students step-by-step to guarantee results (Henry et
al., 2019; Chi &. Wylie, 2014). But the aim of science teaching is to help students form a coherent
connection between normative concepts (Linn & Eylon, 2006).

An innovative pedagogy, called Productive Failure (PF), has been introduced to our Science
teachers in the STEM curricula since 2019. Instead of teaching the syllabus chapters-by-chapters,
an engineering design-based STEM task was introduced'. Students immersed in hands-on
minds-on activities, which were challenging enough to probe creative thinking. Initial observation
was that students in PF classes were motivated to develop novel artifacts, which required the
support of subject knowledge. Such a moving back and forth process of doing, thinking and
learning was repeated until an optimal solution arrived, problem solved, and task accomplished (de
Vries, 2021). In the course of which failure is an inevitable outcome when the task is impasse
driven.

In the past few years, the first two authors have explored whether disciplined failing
experiences in the classrooms could enhance the assimilation of science concepts, especially for
struggling learners. Two pedagogies were under investigation: 1) direct instruction; and 2)
productive failure. The first study was conducted in 2019 (Wong & Wong, 2019). The pedagogy of

productive failure was compared with that of direct instruction in a quasi-experiment with a) a

! The first task under trial was rocket car competition. Now, the problem-based tasks have been extended to other

areas of the syllabus.
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treatment group of PF in a normal-ability class; b) a comparison group of Direct Instruction (DI) in
a normal ability class; and c) a control group of DI in an elite class. Results found that the average
normalized change score was the highest in the elite class who received DI (0.39, SD = .31). As for
the struggling learners, the treatment class who received PF, a higher gain (0.31, SD = .33) as
compared with the comparison class with similar treatment (0.23, SD = .41), suggesting that PF
might benefit struggling learners more. The seemingly promising results might have been
benefitted from a streaming class structure in 2019. PF’s effect on mixed ability class was
unknown by then.

In 2021, class structure in the junior forms in the same school changed. The streaming class
structure was replaced by mixed ability ones. There was no more elite class and students with
different capacity were placed in the same class. All four classes in S2 shared similar intake. So,
the same study was conducted again to explore whether disciplined failing experiences in a mixed
ability classroom could enhance the learning of scientific concepts, especially for struggling
learners in mixed ability class.

An interesting observation so far, was that in both studies in 2019 and 2021, those students
who participated in the quasi-experiments of PF showed positive feedback towards hands-on
minds-on work activities. However, the short-term results in traditional assessments might not be
equally promising. This prompted the team to think whether assimilation and accommodation of
knowledge and experience could be effectively manipulated in the process of knowledge
construction. And if yes, would it be more effective in a direct instruction class or a PF class?

This paper briefly reported the trial out of PF, and its comparison with DI on mixed ability
classes in 2021. A follow-up case study in 2022 reported how PF was implemented within the
junior Science curriculum. Its effectiveness was evaluated and some recommendations on diversity

management was recommended.

B. Race to the Line

In our school, science teachers usually focus on drilling and memorization rather than the
enhancement of problem-solving skills. The assessments are explicitly designed for the recall of
factual concepts. Thus, students, especially those from the struggling classes, performed
unsatisfactorily in the acquisition of abstract concepts. Under this premise, an innovative design
was proposed to implement in the “Race to the Line” course as a STEM-for-all curriculum.
Secondary 2 students had to learn data logging technique and the interpretation of travelling
graphs in the Information and Communications Technology (ICT) and Mathematics lessons
respectively. Science teachers would equip the students with the knowledge-base of force and
motion. Students were expected to apply such knowledge and skills to construct foam-made racing
cars with the help of the Design and Technology (D&T) teacher. Figure 1 illustrates the

cross-disciplinary attempt in curriculum change:
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Figure 1: Race to the Line, a cross-disciplinary STEM-for-all curriculum

The observations in these Science lessons persuaded us that teachers might not have acquired
an appropriate STEM pedagogy for problem-based tasks within a tradition Science curriculum.
For example, the STEM lessons immersed students in hands-on minds-on activities while the
Science lessons explored through a series of well-structured experiments, which might/might not
allow for “multiple right answers and reframe failure as a necessary part of learning” (Jolly, 2014).
Within a traditional Science class, students were expected to be precise and careful when they
carried out scientific investigations. It then came up to our mind a question: Can we design failing
experiences for our students in these well-structured lessons?

Failure is usually set in the class of negative mindset. Kapur’s definition of failure is some sort
of no big deal. “By failure, I simply mean that students are rarely able to solve the problems and
discover the canonical solutions by themselves” (2013). Maltese et al. (2018) defined in the
context of making that failure is “an experience where the result does not match the outcome
expected by the maker”. The real situation is that teachers have not much room for their students
the discovery of wonders. Chi & Wylie (2014) pointed out that the Science class is sometimes
designed in which “information is repeated, and solution steps are copied”. Our observation
illustrated this argument that a science teacher might introduce the concept of “streamline” solely
by repeating the lines of explanation in the textbook: “the shape of an object affects the air
resistance acting on it ... the air resistance is reduced if the object has a streamlined shape ...
high-speed vehicles usually have streamlined shapes”, so on so forth. We wondered how our
students might understand and apply this abstract ill-informed concept without hands-on
experiences. Jurow & Mcfadden (2011) commented that “these classrooms are neither
teacher-centred nor student-centred”. Students had no chance to explore the streamlined-shaped
objects. They have no concrete definition of the term “streamline” so they could not design their

own streamlined objects.
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Our interest is to understand how the struggling students learn in the STEM activities of rocket
car development. Literature has found that different students have different learner styles. Kolb
(1984), for example, has found that struggling students adapted more in kinesthetic thinking and
they were more able to assimilate and accommodate new experiences into the existing knowledge
base through experiential learning. Can an appropriate STEM pedagogy cater the need of this
group of students? The following session traced the literature base for theory development.

C. Literature review

This paper explores a learning design based on hands-on activities that may suit well for the
development of the STEM curriculum. In these kinds of activities, students are encouraged to
acquire knowledge and skills in a trial-and-error mode, and they can generate resolutions of the
task after a lot of failures. Can such failing experience be productive in the long run?

Kapur answered this question by introducing the Productive Failure (PF) pedagogical design.
He commented that “students are rarely able to solve the problems and discover the canonical
solutions by themselves” (2013). He analyzed the incommensurability between learning and
performance and suggested four possibilities in the learning design: a) productive success; b)
productive failure; ¢) unproductive success; and d) unproductive failure (2016). In contrast to the
use of traditional Direct Instruction (DI) in the classroom, Kapur stated that PF “afforded the
students the opportunities to generate suboptimal or incorrect solutions to a novel problem by
preparing them to learn better from subsequent instruction” (2016). In this way, students’
performance in the short run might not be satisfactory but their learning optimized in the long run.

This paper focuses on how PF interventions may enhance students’ ability to link up concepts
by complex logical reasoning in Science. It is an essential ingredient of innovative product in the
STEM context. The analysis is based on a latent construct called the “Knowledge Integration
Categories (KIC)” (Table 1). It is a process of “adding, distinguishing, evaluating, and sorting out
accounts of phenomena, situations, and abstractions in science” (Liu et al., 2008). Liu and her
team had built up a knowledge scaffold for the science concepts. We shall analyze students’
knowledge acquisition in two categories which are common in the STEM activities: Complex Link
and Factual Concepts. For the former, students are required to “elaborate two or more scientifically
valid links among relevant ideas” but no valid links are necessary in the problems about factual

concepts.
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Table 1: Knowledge Integration Categories (KIC) (Liu et al., 2008)

Knowledge Integration Categories Score Reponses Characteristics
Systemic Link Not applied ~Compare similarities and differences between
Students have a systemic understanding of scientific contexts and apply concepts relevant to each context.
concepts.
Complex Link 5 Elaborate two or more scientifically valid links

Students understand how more than two scientific concepts among ideas relevant to a given context.

interact in a given context.

Full Link 4 Elaborate a scientifically valid link between two
Students understand how two scientific concepts interact in ideas relevant to a given context.

a given context.

Partial Link 3 Indicate a link between relevant ideas but do not fully
Students recognize potential connections between concepts elaborate the link in a given context.

but cannot elaborate the nature of the connections specific

to a given context.

No Link (Factual Concepts) 2 Make links between relevant and irrelevant ideas.
Students have non-normative ideas and/or make Have non-normative ideas.

scientifically invalid links in a given context.

Off Task 1

Students make statements about non-scientific situations.

No Answer 0 Blank

Such an expert knowledge framework, however, might not be applicable to all students alike.
From a system control point of view, students have different capacity cognitively speaking in
knowledge integration. They also had different disposition. A pre-test on scientific facts and
application of kinetics in 2021 had found that some students performed according to the expert
construct of the KIC model (Liu et al., 2008) and were able to scaffold knowledge gradually by
building on scientific facts (Wong & Wong, 2021). These students, given clear direct instruction,
were able to memorize facts and retrieved them at a later stage for knowledge integration, thus
fitting a direct mode of instruction in traditional classrooms.

Other students, however, might have developed a challenge engaging disposition and were
more adapted to failures. Memorization might not be as challenging as self-exploration (Henry et
al., 2019). For them, factual questions and complex link questions shared the same level of
difficulty (Wong & Wong, 2021). Although these students did not perform according to the expert
construct of knowledge integration, they revealed hallmarks of a successful scientist. The former
type of students might fit both DI instruction and PF model well. The latter, however, might excel
more under a PF framework. How to match learner styles with tailored-made curriculum and

relevant pedagogy hence become a challenging task.



54 Exploring Productive Failure as a Pedagogical Strategy in STEM Lessons

D. Methodology

It is complicated to measure the effect of the PF pedagogy. Past studies usually focused on the
improvement of specific learning abilities with the implementation of the PF instructional design
(see Kapur, 2014; Song & Kapur, 2017; Song, 2018). Our research followed similar arguments that
the PF pedagogy is a kind of design conducive to developing students’ acquisition of science
concepts and its effective application in the STEM context.

The study by the first authors in 2021 was a mixed-method approach including statistical
analysis of quasi-experimental pre-posttest scores, semi-structured interviews with stakeholders,
audio-video records and students’ work in their log sheets. It was conducted in two Secondary 2
struggling classes, one in the use of DI and the other PF respectively (Table 2). The intervention in
the treatment class lasted for six lessons in two phases: generation and exploration of multiple
representations and solutions methods (RSMs), then the consolidation and knowledge assembly in
comparison of the RSMs and the canonical solutions (Kapur & Bielaczyc, 2012).

Table 2 : Lesson design for PF and DI classes

Class \ Lesson 1 2 3 ‘ 4 5 6
Treatment (PF) Phase 1: Phase 2:
g Generation and exploration of RSMs Consolidation and E?
Comparison (DI) E Lecture the concepts of Making of | knowledge assembly ;%
kinetics rocket car

The comparison class was lectured directly the concepts of kinetics in Lesson 2 and 3. They
made their racing cars in Lesson 4 under teacher’s guidance. The teacher discussed with the
students ways to refine the rocket cars and, at the same time, enhanced science knowledge
scaffolding in Lesson 5.

The treatment class adopted PF in a different way. Students learnt how to make their racing
cars in the Engineering Design Process with the provision of some log sheets (Figure 2). These
worksheets had minimal guidelines and were designed as task components according to Song’s
suggestion: (1) explore and understand, (2) represent and formulate, (3) plan and execute, and (4)
monitor and reflect (Song, 2018).

Figure 2: Snapshots in the “Race to the Line” curriculum (from left to right):

Group discussion, shaping, polishing and assembling
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During the making process, the teacher provided minimal advices and let the students fail.
Students had to find their own way to solve the problems. In Lesson 5, the teacher consolidated the
work as that in the comparison and control classes. We believed that the struggling students would
outperform in the long run after they have learned to solve novel problems with disciplined
failures in hands-on STEM activities.

The quantitative study in this research was based on the pre- and posttest with 10 identical
multiple-choice questions on force and motion. They were classified into factual concepts (FC)

and complex link (CL) questions according to the KIC construct (Table 3).

Table 3: Classification of pre-posttest questions:
Factual Concept (FC) and Complex Link (CL) questions

Question | Types Testing items Question | Types Testing items
No No
| CL Nature of force 7 FC Reducing friction
3 CL 8 FC
4 FC Properties of friction 12 CL Action and reaction
5 CL 13 FC
6 FC Air resistance 14 CL Inertia

The results of the pre- and posttest were analyzed within class and among classes by paired
t-test and independent-sample #-test respectively. Rasch analysis was conducted to examine
whether the PF design may change students’ perception in item difficulty (Boone et al., 2017).
Qualitative analysis was provided on the students’ log sheets, audio-visual records of the lessons
and the semi-structured interviews with two Science teachers and selected groups of students from

two classes.

E. Results and discussion

Based on the evidences and analysis, our hypothesis in this study was partially confirmed: (1)
PF is an effective pedagogy for STEM learning and teaching; (2) Students have greater conceptual
understanding of tacit knowledge.

Short term results, however, showed no significant gains in pre-posttest comparison across
four mixed ability classes: #1200 = .486; p = .630 (Wong & Wong, 2021). Yet, programme
effectiveness became more prominent in the final Science examination. We found that failures
happen frequently in an engineering design process which is considered a common framework for
STEM curriculum. On the whole, students may learn better in the long run after they have
overcome the difficulties; and this enhanced knowledge scaffolding for the abstract Scientific
concept (“streamline”). Even the struggling students could outperform the elite ones in the formal

assessment afterward. One reason might be that the proportion of factual, complex link and
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systemic link questions were different in the exam as compared with the pre- and posttest. Second,
knowledge gains were consolidated in the final revision before the examination, suggesting that
failure-focused experiential learning may catalyze the formation of more concrete knowledge
scaffolded on abstract scientific concepts. Third, the PF pedagogy may require the support of
knowledge scaffolding and knowledge integration in the revision time. Our results supported
literature findings that students’ learning will be productive in the long run after PF intervention
(Kapur, 2016).

From a programme evaluation perspective, the effect size measurement in 2021 focused
more on a between-subjects design across four mixed ability classes, for the advancement of
developmental diversity science, this paper advocates the measurement of within-subjects
longitudinal growth. A classical expert construct of knowledge integration highlights on a process
of developing Scientific concepts from non-normative ideas to normative links (Liu et al., 2008).
However, one might also access such a process of knowledge integration from failure-based
experiential learning given that they have different capacity in acquiring, memorizing and
integrating knowledge for change. Such an alternative pathway in knowledge application is not
well documented. The following session reported a follow-up case study of the attempts of the

team to breach the literature gap in 2022.

F. A case study

Previous research in rocket car development has demonstrated how our teachers could
implement the PF pedagogy in the STEM lessons and how our students scaffold Scientific
concepts according to the theory of Knowledge Integration (Liu et al., 2008). The process was
well-designed for intervention under professional consultation. The successful attempts in 2019
and 2021 encouraged us to invite our colleagues to trial out the PF instructional design in other
Science topics and to expand the team to a learning circle. The third author, as the key curriculum
developer of Integrated Science (IS), joined hands in exploring possibilities in the discipline in
2022.

The third author taught IS in Secondary 2 and Chemistry in senior forms. He would like to
explore different pedagogical approaches that enhance student’s motivation towards Science
learning and provide more meaningful tasks in student-centred Science lessons. In this case study,
he and the IS panel members had adopted the PF pedagogy and designed an IS lesson for a class of
29 Secondary 2 students. Students were divided into groups to investigate the making of electric
circuits under the topic “Making use of electricity”. They were required to construct a simple
(series) circuit as a learning outcome. Students had to understand the concept of a complete circuit
and identify its basic components. Hands-on activities would be provided, and the students had to
complete a task as an application of the knowledge they learnt. In a traditional classroom with the
DI pedagogy, the teacher would first display all the circuit components and then demonstrate how

to connect a light bulb with an electric cell. The teacher would provide a circuit board and ask the
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students to repeat what he/she had done. This approach ensures that most students are able to make
the light bulbs glow. However, students might not wonder the work of electricity in the task.
The team of the third author co-designed a lesson that allows students to discover how to

construct a circuit on a circuit board. The objectives and skills required are listed in Table 4:

Table 4: Knowledge and skills objective of the target lesson study

Knowledge Objectives K1: To identify the key components of a circuit
K2: To identify the essential conditions under which electricity can flow
K3: To recognize that the positive terminal of an electrical appliance is normally
connected to the negative terminal of another appliance

K4: To understand how a switch work

Skills Objective S1: To be able to construct a complete circuit that satisfies certain criteria

The teachers realized that K1 and K2 had been achieved in the primary school level. They
decided to flip the learning by providing a pre-lesson video. After watching the video before the
lesson, students would be able to 1) list out the components of a circuit: electric cell, some wires
and a load, and 2) recognize how a complete circuit looks like.

K3, K4 and S1 were the focus of the designated lessons. K3 and K4 fell into the lower
cognitive levels (remembering and explaining phenomenon) of the Bloom’s Taxonomy, while S1
required the integration of both the cognitive and motor domains, and it involved the formation of
CL. To achieve these objectives, teachers adopted the idea of the PF pedagogy and designed a
hands-on activity in the lesson. The design of the activity consisted of two phrases based on the
principle proposed by Kapur & Bielaczyc (2012). In phrase 1, students were told to finish the
following 3 tasks:

Task 1: Make a light bulb glow and a buzzer emit a sound.
Task 2:  Use a switch to control the on and off of the light bulb and the buzzer.
Task 3: Use an ammeter to measure the amount of electricity. Record the reading.

Students were provided all the circuit components and they were free to explore how to finish
Task 1 — Task 3 without any direct instruction from the teacher. They were asked to record every
attempt on an online platform Padlet (Figure 3), no matter it was successful or not. The teacher
would walk around the groups to give feedbacks to the students’ work. In phrase 2, a debriefing
session was followed to consolidate the experiences that the students encountered in the preceding
sessions.

In the hands-on activity, the teacher found that some students failed to complete the circuits.

Some have come to the barriers that the students might generate RSMs
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Figure 3: The online platform Padlet
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Observations:

1. In Task 1, the teacher expected that the light bulb and the buzzer were connected in a series
circuit. However, 3 out of 10 groups connected them in two separated circuits (Figure 4). One
reason for the deviated model might relate to unclear instructions. In Task 1, students were
instructed to “Make a light bulb glow and a buzzer emit a sound”. The task might well be

modified as “Make a light bulb glow and a buzzer emit a sound simultaneously”.

JM A !

Figure 4: Students connected the circuits separately

2. The teacher expected that the students would connect all the circuit components in series.
Nevertheless, more than half of the groups connected them in parallel. Series circuit and
parallel circuit had not been introduced until the next section of the learning unit. All were new
to the students, but they could discover the ways in the hands-on activity.

3. Inthe lesson, the teacher visited 2 groups and recorded the following conversations.

Scenario 1

The students in one group constructed a parallel circuit as shown in Figure 5(a). Then the
teacher showed a series circuit to them and asked: “Do you know the difference between the
circuit you created and the circuit that I showed you?” One of the students in this group
answered: “I have tried to connect in the way you showed but it does not work. Then I try this
method.” The teacher asked: “What do you mean when you said it did not work?”” The student
replied: “Only the buzzer emits sounded, but the light bulb did not glow.” The student later
figured out that there was not enough electricity for the light bulb to glow in a series circuit
and thus, identified this to be a constraint which forced him/her to use a parallel circuit as

intended.

Scenario 2

The students in Group B constructed a parallel circuit as shown in Figure 5(b). The teacher
asked: “If you press the switch, what will happen?” A student in this group replied: “The light
bulb will not glow.” The teacher then asked: “Does the switch function normally?” The
students answered: “Yes!” This was a “wrong” answer. Although the switch functioned

normally, meaning that it could be switch on/off, it was not considered “normal” in a circuit
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where the light bulb and the sound buzz should be on simultaneously when the switch was

pressed. In this case, the constraint is on the given task.

£ )

Figure 5(a): Parallel circuit in Scenario 1 Figure 5(b): Parallel circuit in Scenario 2

4. Some students found difficulties in assigning a component on the circuit board correctly. There
were some junctions on the board for inserting different components. The students ignored
those junctions and simply connected two components with a wire clip (Figure 6). They were
able to make partial, but not full link of knowledge base in a given context.

| 4

Figure 6: Students were capable to simple connection of two nodes

Reflection and inspiration:
It was the first time that the third author designed a PF lesson on a new topic which he has
not taught before. The inspiration and impact could be summarized in three aspects:

1. The effectiveness of the PF pedagogy
Applying the PF pedagogy in this case study stimulated the creativity of students. This finding
aligned with the literature that during the problem-solving phrase, students activated their prior
knowledge to generate a suboptimal solution (Kapur, 2014). Based on Observation 1 in the
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previous section, the teacher was surprised by the solutions generated by the students. Even
though the students might not realize the difference between a single circuit and two separated
circuits, they did finish the requirement of the task. The teacher then consolidated their
solutions and prompted a follow-up question to check whether the students’ understanding

might facilitate task completion as required by the given instruction.

Another obvious advantage of using PF was the atmosphere of active learning. Through
visiting each group, the teacher discovered that even the struggling students in the class
actively participated in the activity. In some occasions, weaker students would seek help from
other groups. The PF instructions encouraged peer collaboration and active engagement in a

Science lesson.

On the contrary, the main difficulty of implementing a PF lesson was that the teacher had to
handle a variety of students’ failures in the hands-on activity. Some failures are expected and
could be predicted based on the learning objectives. By focusing on these “expected failures”,
the teacher might help students to encode the key features of new scientific concepts. The
unexpected failures, however, were some novel problems beyond the original learning design.
It might hinder the learning process of the new concepts. Such hurdles might be a result of
lacking in technical skills; and/or a lack of specific task instruction (e.g. parallel vs serial
circuit). This led to an argument, to what extent detailed instruction was needed in a PF class?
For the teacher, for example, the “bad connection” problem illustrated in Observation 3 was a
kind of “unexpected” failure, and therefore, “sidetracked” students in task completion.
Students failed to make the light bulb glow even though they correctly arranged all the
components. What failed them was not the problem of system control, but rather, the system
produced required a higher energy level than expected. Thus, connection between system
control and energy level should be mapped precisely onto the task before task completion was
plausible. It remains the challenge of a PF teacher to decide the extent to which detailed
instruction might help/hinder the development of complex link between different nodes in
different ability groups.

The teacher reflected that a PF lesson should help eliminate potential problems before
introducing the task. But for a PF class, the real challenge might lie in a) the degree of
sophisticated instruction; b) the critical time of intervention; c) the time frame allowed for
students’ exploration and d) whether instruction should be captured on students’ performance
as the lesson goes or be précised enough on the outset before the lesson starts. This paper holds
the view that to conduct a smooth PF lesson and to maximize its effectiveness, proper and
timely feedbacks are essential. An inspiring question could be a catalyst for the student during
the problem-solving phase. Also, teachers could examine the cognitive reasoning of a student

through prompting questions. In the long run, developing a problem-based template and
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feedback system based on students’ cognitive levels would help reinforce a mixed ability class
with diversified intake.

2. Minimizing the unexpected difficulties

In the case study, the teacher discovered that the students did not know how to use the given
instrument: a) the circuit board and b) the ammeter. The teacher might need to clarify if the aim
of the PF lesson was to let students explore the use of a “new” tool or the completion of a
given task, in the current case, the task focused on connecting a series circuit such that the light
bulb might glow and the buzzer emitted sound at the same time. To better manipulate the
second task, some prior knowledge of the use of the instrument should be introduced
beforehand.

3. Rescheduling the teaching sequence of the curriculum
In a DI class, the teaching sequence are normally unidirectional. On the contrary, in a PF class,
the sequences might be squiggled to cater for problem-based learning. Observation 2 revealed
that the concept of parallel and series circuit would be unavoidable in the task. The teacher
should take this as a critical point of intervention or grasp the chance to introduce a concept

which would be taught normally at a later stage.

G. Discussion

Reflecting on the pedagogy of PF, we asked the extent to which “minimum instructions” was
applicable to a PF task or not. The teacher interpreted that instructions should be minimum in a PF
lesson, which led to unexpected deviation. The three deviated groups in Observation 1 connected
two circuits in a circuit board. The problem was that the students were only instructed to connect
the nodes on the board, and this could be attained from multiple routes. Indeed, in a PF class,
multiple routes for task completion were an “expected” result. As a PF teacher, we need to ask
ourselves the extent to which we want to “manipulate” the results. And if “unexpected deviation”
would, in certain scenario, lead to “novel” developments.

Second, the “deviated models™ also presented a problem: To what extent a completed task by
the students should be regarded as deviation? In fact, in certain scenarios, “deviated models” are
models that leads to creativity. As a PF teacher, we need to ask ourselves how much deviation is
allowed and modify our instructions accordingly.

Third, Sinha & Kapur (2021) proposed specific fidelity criteria for a PF lesson and suggested
that “instruction should be built on students’ solutions”. This prompted a question: should
instruction be “clearly” stated such that an “expected” result could be manipulated; or that the
initial instruction should be open enough and be narrowed down based on students’ work at a later
stage?
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Fourth, in Scenario 1, the teacher assessed the product of Group A to be a “failure” case as it
deviated from the sample the teacher showed to the students. The students later figured out that the
electricity provided could not power up their parallel circuit. And that under such constraint, a
series circuit was the optimal solution. It remained the teacher’s role to support students in
identifying constraints and thereby, attaining an optimal solution.

Referring again to the PF study in 2021 (Wong & Wong, 2021), students have different
learner styles. Some students were better at remembering facts, whereas for the others, factual
knowledge shared the same level of difficulty as that of complex link concepts. So, the degree of
knowledge base required for students might be different and that by matching learner style with a
PF task would allow one to decide on the level of pre-requisites required and be “taught” in a
flipped classroom before the actual implementation of a PF lesson.

In Scenario 2, the students had “invented” a “new” method to complete the circuit (i.e. a
parallel circuit). This was quite “unexpected” as the teacher “expected” that the student would
complete a series circuit. One reason for such expectation was that a series circuit was the teaching
point of this lesson and that parallel circuit would not be taught until a later stage in the curriculum.
Given a PF scenario, however, both a series/ parallel circuit had not been taught before the task
was assigned to the student. So, there was an equal chance for the student to figure out a parallel/
series circuit on their own. In that case, connecting a parallel circuit was not a “failure”. The real
issue lied in the constraint of the given task, i.e., the light bulb and the sound buzz should be on
simultaneously. It would be good if the teacher instructs the students to explore the constraints or
pointed out the constraint to them. In this way, the PF lesson would fulfill one of the fidelity
criteria proposed by Sinha & Kapur (2021): “Instruction should be built on students’ solutions”.

In Observation 4, the teacher noticed that the students found it hard to figure out how to put
a component on the circuit board “correctly” when there was more than one junction for different
components. This showed that connections of more than two pieces of information requires a
bigger knowledge base or an ability to consider things from ALL perspectives. It remained how

much “more” information should be imparted to students, and when in a PF lesson.

H. Conclusion

In the reflection session, the teacher capitalized on the importance of “minimizing the
unexpected results” by clearer and more specific instructions. This paper would open this to
re-consideration in a PF class. In a PF class, we ask the following questions:

1. The extent to which we want to “manipulate” the results. And if “unexpected deviation”
would, in certain scenario, lead to “novel” developments;

2. The extent to which a completed task by the students should be regarded as deviation.

3. If instruction should be “clearly” stated such that an “expected” result could be

manipulated.
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4. Whether students’ prerequisite should be carefully analyzed/ tested before a PF lesson is

implemented.

In short, a student’s learner style would determine the extent to which he/she would “fail”
the teacher’s expectation. While one might seek to “eliminate” obstacles for the students so that
they might succeed, one might also ask, along the way as the PF lesson exposed, why the light
bulb was not on despite all necessary conditions have been fulfilled? These ongoing questions/
instructions based on the product of the students would allow students to identify the conditions
for a specific outcome under certain given constraints (e.g., the level of electricity provided). Thus,
leading students to identify, and to differentiate between necessary and sufficient conditions, which,
in the end, would help develop their scientific mind.

This paper starts by exploring the effectiveness of PF in a STEM class where hands-on
minds-on activities seek to replace that of direct instruction across four mixed ability classes with
diversified cognitive capacity and learner styles. Our results, in the quasi-experimental studies in
2019 and 2021, have established that PF supported the accommodation and assimilation of
scientific facts to complex link concepts for user application. The follow-up case study in 2022
fine tunned how such a PF lesson should be conducted. The paper has adapted a macro-PF strategy
to a micro one where teachers scaffold knowledge base by capturing on students’ response as the
lesson unfolds. This, together with students’ learner style analysis would inform teachers what
kind of knowledge input is necessary for what kind of students and at what time might such input
be optimized. In the long run, the team aims at developing problem-based templates for the
identification of activities that suit a diversified student intake. The team, currently comprising
front-line teachers and university researcher, would hopefully develop into a bigger learner circle
such that a recommendation system might be developed for the development of a problem-based

curriculum in the Science subject with STEM application in the long run.
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Chairman of Engineering Committee Dr CHEUNG Chak Chung, Ray
Council Members Dr Bob LUI

Mr NG Bing, Ben

Mr WONG Wai Kwun, Terry

Mr CHU Wai Man
Immediate Past Chairman Mr LAU Kwok Leung, Gyver

2. Major Events held in 2021-22

With the effort of our members, we organized different professional events and students activities

so as to enhance our professional participation and promote Science and Mathematics education

with scope on:

Pedagogy Study Groups

Publications

HKDSE Paper Review Seminars

Hong Kong Science Teachers’ Journal 2022 Volume 38
ERBIENEBREETI2022F 13553858

Science and Mathematics Inter-schools Competitions

International Assessment Tests/Competitions
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@® Focus Group Meeting on revision of curriculum, review of laboratory technology

establishment

@  Dialogue with Education Bureau on the review of the Science and Mathematics Education

Date Subject Title Co-organised / In support
2021/10/02 Chemistry 2021 Chemistry Public Exam Paper
Review Rerun
2021/10/29 | Secondary 5(‘4’34;#*’15?? A 2021-22
Mathematics | (57— f
2021/11/06 Chemistry Briefing on Hong Kong Chemistry | Hong Kong Chemical
Olympiad for Secondary Schools Society; Royal Society of
(2021-2022) Chemistry
2021/11/06 Secondary Briefing on ““ Digi-Science” Video | HKCTC
Science Production Competition for Hong
Kong Secondary Schools 2021-
2022
2021/11/20 | Primary Creative Science Story Competition
Science For Primary Schools 2021
2021/12/17 | Secondary Wﬁ[ﬁ%r—?ﬁfﬂ%ﬁﬁ 2021-2022
Mathematics
2021/12/24 Chemistry 2022 HKDSE Chemistry Mock
+25+27+28 Exam
2021/12/30- | Physics 2022 HKDSE Physics Mock Exam
31
2022/01/15 Biology Hong Kong Biology Literacy Royal Society of Biology —
Award (2021-22) HK Branch, The Education
- Ist Round: Heat University of Hong Kong
and The University of Hong
Kong
2022/01/15 | Physics 2022 iEFF R[S EE -k The Society of Hong Kong
() Scholars
2022/02/19 Biology Hong I'(ong Biology Literacy Royal Society of Biology —
Award (2021-22) HK Branch, The Education
- 2nd Round: University of Hong Kong
3-mins presentation contest and The University of Hong
Kong
2022/06/22- | Chemistry 2022 International Chemistry Quiz | The Royal Australian
07/20 (ICQ) (H. K. Section) Chemical Institute
2022/07/09 Physics 2022 R R[S EE -k Hong Kong Association for
(HF) Science & Mathematics
Education
2022/07/15 Secondary 5?%???%@15? A 2021-22
Mathematics (af— WEET)
2022/08/06 | Biology 5y 3 d4 ff %"}’J?Eﬁ T AT D | The Hong Kong Polytechnic
Cgr . fIIESS University & Department of

Biomedical Engineering
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2022/08/13 Chemistry Hong Kong Chemistry Olympiad The Hong Kong Chemical
for Secondary Schools (2021-2022) | Society and the Royal
- Final Society of Chemistry

2022/08/13 Secondary “ Digi-Science” Video Production
Science Competition for Hong Kong
Secondary Schools 2021-2022
-Ceremony

3. Chairman’s participation to meetings / activities with other educational or related bodies

Steering Committee & Assess Work Gp on Chief Ex Award for Teach Excellence (Sci Ed)
Learning and Teaching Expo 2022 Programme Committee

Master Code Competition 2021 Committee

CDCC STEM Standing Committee

CDCC Science Education Committee

International Junior Science Competition Steering Committee (HK Screening)

Hong Kong Budding Science Award Steering Committee

HK STEM Education Alliance Council

PISA 2021 Steering Committee (HK)

International Biology Olympiad Steering Committee (HK Screening)

4. HKASME AGM Forum

It is our pleasure to have the following speakers to share views on “Metaverse and Blockchain” in
our AGM Forum 2022.

Topic: “Metaverse and Blockchain”

Prof. WONG, Kam Fai

(The Department of Systems Engineering and Engineering Management, CUHK)

Finally, we would like to thank our members for your continuous support to HKASME. We would
also like to thanks our President, Professor Paul CHU, our Hon. Legal Advisor, Mr. Lester
HUANG and our Hon. Auditor, Mr. Alex WU for their invaluable advice and support over the
years
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Hon. Internal Affairs Secretary’s Annual Report for the Year
2021 -2022

Mr. MUI Chi Man
Hon. Internal Affairs Secretary, HKASME

The year 2021-2022 is inevitably a fruitful year worth looking-back.

Our staff, members and friends have always been, and will continue to be the greatest asset of the
HKASME. Let me borrow this column to offer my heart-felt gratitude to Ms B.H. Chu, our full time
(Secretary), Ms Yvonne Tse, our part time (Accounting Officer) and Mr Tony Chan, our IT-support
who are beyond dedicated to their jobs. Mr Alex Wong is very supportive volunteers who have
kindly given their own time and effort to the work of HKASME. One must not forget Mrs Yau who
has never failed us in maintaining the order and hygiene of our office.

We vow to keep listening to the feedback from our staff so that the quality of our office can be

improved, hence the efficiency and quality of our work as well.

Hong Kong Science Teachers’ Journal 2022 Volume 38
ERBIENEBREETI2022F 13553858
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1. Primary Mathematics Subject Report (2021 —2022)

fE | SR ) T g
Ms. Wong Ka Wai, Winnie, Chairlady of Primary Science Committee, HKAS

A. Summary of the activities held (2021 - 22)

Date Activity Remarks
20 Nov 2021 Creative Science Story Competition For L B -
Primary Schoqls 2021 LhB 4B
s 3 25 £ L
[ EFE AT F 2021 e g
(lzx>)
12 Jan 2022 2022 % EPERET R EPE BB H
Hong Kong Science Olympiad AipbsT A H
For Primary SchoolsCreative Science Story | | , .
Competition For Primary Schools 2022 Heoo g2
(CANCELLED) (rzz-l-=)
B. Creative Science Story Competition For Primary Schools 2021
LEERR R B8EHE
® 18 A 238 (Gold Award) so
Gold RELESEHTIE (RYE) {57
Gold FEFREE e B R
Gold BREESEE RS
Gold EIEERINME e 1
® BEAMEFE(Sliver Award) o
Sliver FEEEHEEAVE (RE) P
Sliver B By
&R 18 A 2€ 38 (Bronze Award) 5o

Bronze SRR R S et
Bronze FERREE S
Bronze EHEERINE S
Bronze QB A Y

Hong Kong Science Teachers’ Journal 2022 Volume 38
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Bronze 7 R RbERERR/ N2 AR
Bronze REARTWEIROGEI/NE i e
Bronze R ARk % 7w
Bronze R ER) ZRPE
Bronze HELBEHGHNE (R9E) R
R 8 A 2§ 18 (Merit) so
Merit TERRE L/ s
Merit PR PE RSB ikl
Merit | B B
Merit BIRE AR )NE i e
Merit FERREHINE [HEd 4
Merit REREEEHAER S Fie

C. Primary Science Sub-Committee Members:

Ms. Wong Ka Wai, Winnie (Chairlady | HKASME
of Primary Science Committee)

Mr. Li Chi Man, Jimmy HKASME
Mr. Ng Tak Keung, George HKASME

Mr. Mak Tsz Pun

Lingnam University Alumni Association (Hong Kong)
Primary School

Ms. Wong Wai Yee

TWGHs Ko Ho Ning Primary School

Ms. Lau Kin Yan, Candice

Christian Alliance Toi Shan H C Chan Primary School

Ms. Mak Wing Yi

St. Bonaventure Catholic Primary School

Ms. So Wing Yee

Alliance Primary School (Whampoa)
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2. Mathematics Subject Report (2021- 22)

LS GRS AU

Wong Tak Ming, Jensen, Chairman of Secondary Mathematics Commlttee HKAS

A. Summary of the activities held (2021 - 22)

Date Activities (2021-22)
29 Oct 2021 gfﬂﬁ@m‘?? IR BT *hf#ég?
17 Dec 2021 [2021-2022 = ig?f"ﬂfﬂfﬂ—‘ﬁ%

15 Jul 2022 E(ﬁf?@ﬁ?]?ﬂ 1 #%i'r%‘*

—

B. Publications:

The name of the series of book <<% % § > # & § # & i€ ¢ F --1f 21§ §>> was given by Prof
SIU Man Keung, the honorable advisor of the Mathematics Subcommittee, HKASME. 1t is hoped to
encourage students to learn Mathematics through solving mathematics problems.

LR ML Y LR

(AR}

T -HEE &6 SABAREER R % - REI SR CEARBRA PR - SR -REE AR - BANERNS AL
HEE A6 - SERARFENLE-

2014 & 6 7 g 37 Ak 2010 & 6 * 1k 2011 & 6 * 45k
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*** All the income obtained will go to the association HKASME for professional development

C. HKASME Mathematics Committee member list 2021—22

Mr. Wong Tak Ming (Chairman of
Secondary Mathematics Committee)

P BRI

Sheung Shui Government Secondary School

Dr. Lee Man Sang, Authur e ’rﬁﬂ The University of Hong Kong

Ms. Tsui Fung Ming, Karin (78 [+ 1  |Hon Wah College

Mr. Chow Lai Sum TR AE ISTFA Cheng Yu Tung Secondary School
Mr. Fung Tak Wah BE# 4t [HKASME

Mr. Tam Chi Leung R U4t EDB

Mr. Ronald Leung et |Hon Wah College

Mr. Wong Wai Kwun, Terry Fifid [HKFEW Wong Cho Bau Secondary School
Mr. Chu Wai Man FEY A4 |Wah Yan College, Kowloon

Ms. Ho Lei Kwan [fEIG{¢ 4 |Hong Kong Red Cross Hospital Schools
Mr. Lam Pui Tak 7F7[‘i‘3Fﬁ it | HKASME

Mr. Kwok Koon Lun

IR

Lingnan Hang Yee Memorial Secondary
School

Mr. Tsui Ming Yan

PR E

United Christian College

Mr. Kwok Yiu Kei, Christopher

SR

Hon Wah College

Mr. Yang Nang Fuk

s

Sheung Shui Government Secondary School

Honorary Advisor: Prof. Siu Man Keung # < 3 %42
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3. Physics Subject Report (2021-2022)

PSS SR S P
Mr. Ng Hon Hing, Harry, Chairman of Phys1cs HKAS

A. Summary of the activities held (2021 - 22)
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Date Activity

Remarks

15 Aug 2021 2021Assessment for Learning (Physics)

all secondary schools.

Participants : Physics Teachers of

6-31 Dec 2021 J?ﬁﬁﬁl% - WGE B,

all primary schools

Participants: Primary students of

Dec 30 2021 2022 HKDSE Physics Mock Examination

Participants: S6 Physics Students

Down Stairs
BRI - T

—Dec 31, 2021
15 Jan 2021 Fun Science Competition — Briefing Sponsored by Tin Ka Ping
(Sl S s - [ rﬁ Foundation
Participants : Physics Teachers &
Students of all secondary schools
9 Jul 2022 2022 Fun Science Competition —Up & Sponsored by Tin Ka Ping

Foundation

Participants : Physics Teachers &

Students of all secondary schools

11Aug2022 | [ SPE i — T

all primary schools

Participants: Primary students of

B. Physics Sub-Committee Members:

Mr. Ng Hon Hing, Harry, Chairman of Physics

YLPMSAA Tang Siu Tong Secondary School

Dr. Humphrey Lau

SKH Tang Siu Kin Secondary School

Mr. Kwok Leung, LAU

Chinese Y.M.C.A. College

Dr. Pun Hon, NG

HKASME

Mr. Chi Leung, CHENG

HKASME
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4. Chemistry Subject Report (2021-2022)

HUBRRS e
Mr Yeung Wai Leung, Ricky, Chairman of Chemistry Commlttee HKAS

A. Summary of the activities held (2021 - 22)

[T

KA

22 Jun —20 Jul

2022 International Chemistry Quiz (ICQ)

Date Activity Remarks
2021 HKDSE - Chemistry Paper Review | Participants : Chemistry teachers
02 Oct 2021
Rerun of all secondary schools
Briefing on “Digi-Science” Video Participants : Science teachers &
06 Nov 2021 | Production Competition for Hong Kong | Junior S.1-3, Senior S.4 or above
Secondary Schools (2021 —2022) students
Briefing on Hong Kong Chemistry Participants : F.3-F.6 Chemistry
06 Nov 2021 | Olympiad for Secondary Schools (2021- | students, Science subject
2022) teachers
24 Dec- 25 Dec . .
2021 2022 HKDSE - Chemistry Mock Organized by HKASME
’ Examination Participants : S.6 Chemistry
27 Dec -28 Dec
students
2021
Organized by The Royal

Australian Chemical Institute &
HKASME

Secondary Schools (2021-2022) - Final

2022 (H. K. Section) .
Participants : Secondary schools
students in over 15 countries
Digi-Science Video Production Participants : Science teachers &
13 Aug 2022 | Competition for Hong Kong Secondary Junior S.1-3, Senior S.4 or above
School 2021-2022 - Ceremony students
. ) Organized by The Hong Kong
Hong Kong Chemistry Olympiad for . .
13 Aug 2022 Chemical Society and the Royal

Society of Chemistry

B. Chemistry Sub-Committee Members:

Mr. Yeung Wai Leung
(Chairman of Chemistry Committee)

TWGHs Kap Yan Directors' College

Dr. Bob Lui

King’s College

Mr. Wong Chun Yin, Roi

Ho Lap College (Sponsored by Sik Sik Yuen)

Dr. Lam Siu Yan, Tara

St. Paul's Convent School
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Mr. Lee Kam Chuen, Andy T.W.G.Hs. Wong Fut Nam College

Mr. Leung Pang HKASME

Mr. Or Choi Kuen HKASME

Mr. Tang Siu Lung DMHC Siu Ming Catholic Secondary School
Mr. Wong Chi Kong, Alex HKASME

Mr. Lo Wai Cheong HKASME

Dr. Wong Chi Kit, Cement HKASME

Ms. Wong King Lok, Victoria Marymount Secondary School

Mr. Fung Wing Kei St. Paul's Co-educational College

Mr. Ben Ng HKASME

Mr. Mok Ming Wai, Michael Valtorta College

Mr. Ho Ping Kuen HKASME

Mr. Poon Chan Kwok HKASME

Ms. Tam Lai Ming The Mission Covenant Church Holm Glad College
Mr. Lee Wai Hon HKASME

C. Digi-Science Video Production Competition for Hong Kong Secondary School
2021-2022 — Ceremony

Theme of Year: Materials Testing Science in Daily Life “ El’ﬁ R 22~

Senior Secondary Division

Champion: St. Paul's Convent School
Title of Video: Burn and Pollute? No! We have BioPlastics!
Team Members: Lam Pui Ying Jasmine, Chan Hang Kei Crispina, Wong Wing To Chloe

First Runner-up: Shun Lee Catholic Secondary School
Title of Video: You May Get Poisoned Using Medocated Olis
Team Members: Lam Wai Hong, Wong Ho Fan, Wong Tsz Ying

Second Runner-up: South Tuen Mun Government Secondary School
Title of Video: Why shouldn't we use DIY masks
Team Members: Cheng ka Po, Ran Meng Xuan Alice,Wang Man Nga

Merit: STFA Leung Kau Kui College
Title of Video: Calcium Carbonate Presented in Paper

Team Members: Wu Siu Ching, Leung Ho, Li Yau Kwan
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Merit: Maryknoll Convent School
Title of Video: Stone paper: Is it better for writing?

Team Members: Leung Wai Yan, Lin Sze Wun, Liu Tian Yun

T

D. Hong Kong Chemistry Olympiad for Secondary Schools (2021-2022)
Theme of Year: Chemistry of alcohol (. {PE8)

Final Competition cum Award Ceremony was completed on 13/8/2022 and below list out our
2021-2022 HKChO Champion, 1st and 2nd Runner Ups and all those merited.

Award School Topic

Champion 8. Carmel Pak U Chemistry of alcohol in the production of
Secondary School King's | Edible Disposables of Kombucha of Fruit
College Skins

1st Runner-up 29. South Island School | How does the length of the carbon chain in

primary alcohols affect the potential
difference of a voltaic cell?

2nd Runner-up 13. St. Paul's Convent The production of biodegradable plastics

School using starch-based
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5. Biology Subject Report (2021-2022)

A. Summary

L=, %%g@ 25 %ﬁr{*ifﬁjﬂit’ﬂ
fl T

Lui Long Yin, Jensen, (Ehalrman of Biology Commlttee HKAS

of Activities held (2021-22)

Date Activity Remarks
Hong Kong Biology Participants: Biology & Teacher F.3 to F.6 students
15Jan 2022 | Literacy Award (2021-22) | of all secondary schools
1st Round
3-minute presentation Participants: F.3 to F.6 students of all secondary
contest cum Prize schools
Presentation (19/02/2021)
9 TEAMS with SKH Tsang Shiu Tim Secondary School
HIGHEST AVERAGE Ning Po College
SCORES in the Heat St. Paul's Co-educational College Group 1
entered the 3-minute St. Paul's Co-educational College Group 2
19 Feb 2021 presentation Shatin Pui Ying College
Cheung Chuk Shan College
Po Leung Kuk Centenary Li Shiu Chung Memorial
College
Po Leung Kuk Centenary Li Shiu Chung Memorial
College
Madam Lau Kam Lung Secondary School Of Miu
Fat Buddhist Monastery
06 Aug 2021 if_: Th & PR FAEC | The Hong Kong Polytechnic University &
iz aSUSNIR SN | ok Department of Biomedical Engineering
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B. Highlights of Activities

Three-minute Presentation Contest cum Prize Presentation Ceremony Results

85

Winning Teams Topics Awards
St. Paul's Co-educational Al in biology Champion

College - Group 1

St. Paul's Co-educational Biometric authentication First-runner up

College - Group 2

Madam Lau Kam Lung Sec Sch | Sustainable Diet

of Mui Fat Buddhist Monastery

Second-runner up

SKH Tsang Shiu Tim 4D printing and Tissue Third-runner up
Secondary School engineering
Shatin Pui Ying College Best Response

SKH Tsang Shiu Tim
Secondary School

Best Response

School Student name Awards

St. Paul's Co-educational Ng Lawrence

College - Group 1

Best Questioning

St. Paul's Co-educational Chan Sum Yin

College - Group 2

C. Biology Sub - Committee Members:

Dr. Yip Wing Yan, Valerie (Honorary Advisor)

The University of Hong Kong

Mr. Lui Long Yin, Jensen (Chairman of Biology | HKASME
Committee)
Ms. Lau Ka Hoi, Audrey Leung Shek Chee College

Mr. Tong Ling Poon, Andrew

Cheung Chuk Shan College

Ms. Chan Wing Man, Idy

Fanling Rhenish Church Secondary School

Ms. Lee Hoi Man, Sarah

The Education University of Hong Kong

Mr. Li Chi Man, Jimmy

HKASME
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2022 Mock Examination Physics HKASME

Mr Leung Kar-yau
Contact Email: lkypfl@yahoo.co.uk

Students’ Performance

A total of 1468 students sat for this mock examination. Students generally performed better in
Section A (MC) than in Section B (Structured questions). Their mean score in Section A was
51.4% with marks in the range of 0 — 97%. In Section B, the average score was 49.1% with marks
in the range of 0 -94%. It was noted that the average marks in Section A was 5.6% lower than that

of last year while the average mark in Section B was higher than that of last year by about 18%.

Section A

Students’ performance in individual items is shown in appendix.

In Q. 7,21, 23 and 27, less than 30% students were able to select the correct answers. It seems that
students are quite in ignorance of the order of magnitude of common objects around them, as is
reflected by Q.7 in which students were asked to suggest the order of magnitude of thickness of an
A.4 sheet. Only 18% students got the right answer. Another point to note is that some students may
think that a straight line implies direct proportional relationship, as was reflected by their choice in
Q.23.

Section B
Question Max. Average | Average .
Performance in general
number mark score % score
1 1 4.3 39 This is a very straight forward question,

requiring direct recall of knowledge. It is quite
surprising that majority of students failed to
draw the correct experimental set-up. On the
other hand, fanciful proposals were observed,
such as putting a gas syringe on an electrical
heating device.

Instead of getting the absolute zero from
extrapolation of the line drawn, some students
simply stated that the absolute zero is -273 °C.
Not too many students were able to give
correct reasons for deviation of real gases from

ideal gas behaviour. Some students had the idea

that at 0K, molecules possess zero K.E.
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2 7 35 51 Quite a number of students took normal
force beside force of gravity as the two
forces acting on a skydiver. Some stated that
weight and gravitational force were the two
forces.

Not too many students realized that there
were two stages where a skydiver attained
terminal speed. Many students did not read
question carefully enough and noted that
question requires them to draw the graph up

to the time when skydiver reached the ground.

3 5 1.5 30 The average score of students was
unexpectedly low. A number of students were
unable to draw the force diagram correctly. The
errors observed include drawing the uplifting
force and the weight of plane as though they
were a pair of couple or the two arrows were of
different lengths.

In calculating the speed, some students
erroneously took the angle concerned to be
67.5%, while some resolved the weight (mg)
instead of the uplifting force.

The explanatory part given was not to the point

in many cases.

4 12 4.8 40 Instead of giving the change of height of the
C.G. as required, some students gave the new
height of the C.G. as answer.

A sizeable number of students took the
magnitude of the difference in momentum to
calculate the answer in part (a) (iii) instead of
taking the sum. Teachers might have already
aware that this is a common mistake of
students in vector addition.

Not many students could manage to give the
correct answer for part (b). Students were fully
aware of the effect of change of density on

mass but they forgot. that the change in radius

would also affect the mass.
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3.2

41

Students gave very satisfactory answer in part

(a). Quite a number of students cited the

following as an explanation for (b)(i):

® Due to effect of air resistance or

® Ball was not thrown at ground level.

In (b)(ii), two mistakes committed by students

were:

® Forget to give a minus sign to h when they
took u to be positive

® Uses="Y% gt’ to get the range.

10

4.2

40

It is a bit disappointing to see many students
did not abide to rules in drawing ray diagrams,
including no arrow head accompanying each
ray; extrapolation of rays made in solid lines
and virtual image drawn in solid lines.

It was not uncommon to observe students took
the vertical line from focus F to the ray through
the optical centre as the image.

As in (1) (a), part (d) was very unsatisfactorily
answered. Many students suggested drawing
something on the paper and use it as an object.
Then either move lens until a clear image was
observed or placed it at a given distance and
locate its image with eye. Then measure v and

calculate f by the lens formula.

3.6

45

Satisfactorily answered.

Some students seemed not aware that in a
given medium, v is not affected by frequency
nor they were aware of speed of wave in
shallow water was depth of water dependent.
In part (c), most students failed to note that the
wavelength for middle line remained

unchanged.

7.8

41

Satisfactorily answered.

It was observed that some students wrote
V=E +Irinstead of V=E —Ir and a few
simply use V =1IR.
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9 8 34 43 It is a bit surprising to note that some students
wrote split ring or slit ring for slip ring The
function of Y seems unclear to many students.
Some students were not quite aware when the
coil was in vertical or horizontal position.
Many knew that increase in frequency would
increase the amplitude but without knowing

this also changed the period of the wave.

10 8 4.6 57 The best answered question.
However, students tended to give no unit to the

decay constant, or took its unit as Bq.

Other Observations

1.

As noted last year, the writing of some students was hardly legible. The proportion is
increasing in this year. They should note that they will take the risk that their good answers
mat not be recognized. Furthermore, it was sometimes necessary to jigsaw the various parts
of students’ answer to understand how they arrived at their answer; their presentations were
sometimes highly un-systematic.

Spelling mistakes of physical quantities/words commonly used in Physics were observed.
These are some more common examples: condence (condense), verticle (vertical), minize
(minimize), distanct (distance), creat (create), negletable (negligible), wavelenght
(wavelength), resistant (resistance), Boyle guage (Bourdon gauge).

Students occasionally gave numerical answers without accompanied by their units.

g =9.81 m s is provided on data sheet. Yet some students took g = 10 m s in their
computation.

Students in general seemed not yet prepare to answer questions related to experiments. They
provided rather poor answers to the two experimental parts asked in the paper.

There are rooms for improvement in their experimental and descriptive skills.

Some students tended to state the formula for calculation and went straight to the answer.

General Recommendations

Students are advised:

1.
2.
3.

to give more attention to the practical aspects of the subject;

to put down suitable intermediate steps to support their calculation;

to acquire the good habit of planning and organizing their materials before they write out their
answer.

to have more practice in questions pertaining to graphical presentation and interpretation of
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graphical information;

5. to have more thorough revision on refraction through lenses;

Subje
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6. to get familiar to the experiments leading to the gas laws and the reasons for non-ideal gas

behaviour of real gases.

Appendix
Section A
Question No. Key % Correct Question No. Key % Correct
1 D 46% 21 D 32%
2 C 50% 22 B 54%
3 B 57% 23 D 20%
4 D 77% 24 C 47%
5 A 37% 25 A 40%
6 C 50% 26 A 57%
7 A 20% 27 C 27%
8 A 43% 28 B 53%
9 B 36% 29 A 40%
10 D 50% 30 D 47%
11 A 64% 31 C 75%
12 D 38% 32 C 70%
13 C 38% 33 C 46%
14 B 51%
15 A 55%
16 B 71%
17 B 66%
18 D 60%
19 B 48%
20 B 83%






