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Foreword

Welcome to the 26th issue of the School Mathematics
Newsletter (SMN).

The School Mathematics Newsletter (SMN) is for mathematics
teachers. It serves as a channel of communication on
mathematics education in Hong Kong. This issue involves
various articles written by academics, curriculum officers and
teachers in different areas, including academic insightful views
on mathematics education, suggestions of effective strategies in
learning and teaching of mathematics about STEAM education,
computationally enhanced mathematics education, online
interactive mathematics lessons and articles related to
application of mathematics, algorithms and artificial

intelligence, etc.

In the existing education system, mathematics teachers are faced
with the tremendous challenge of teaching students of very
different abilities, motivations and aspirations. To meet this
challenge, mathematics teachers need to equip themselves with
necessary mathematical skills and teaching strategies to cope
with different teaching situations. We do hope that all readers

will find the content of this issue informative and stimulating.
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The Editorial Board of SMN wishes to express again its
gratitude to all contributors, and also to the fellow colleagues of
the Mathematics Education Section who have made great efforts

in publishing the SMN Issue 26.

SMN provides an open forum for mathematics teachers and
professionals to express their views on the learning and teaching
of mathematics. We welcome contributions in the form of
articles on all aspects of mathematics education. However, the
views expressed in the articles in the SMN are not necessarily
those of the Education Bureau. Please send all correspondence

to:

The Editor, School Mathematics Newsletter,
Mathematics Education Section

Curriculum Development Institute

Room 403, Kowloon Government Offices
405 Nathan Road

Yau Ma Tei, Kowloon

email: math@edb.gov.hk
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1. Integration of Programming, Problem Solving and
Recreational Mathematics for a Computationally
Enhanced Mathematics Education
Oi-Lam Ng!, Alvin Chan?, Tom Ho?, Don Tsoi*, Angel Liu’,

Marco Law!, Biyao Liang®

!The Chinese University of Hong Kong, 2Good Hope School,
3St. Paul’s College, “Tsung Tsin College, SCCC Ming Yin College,
University of Hong Kong

Introduction

Computational thinking (CT) is a powerful cognitive tool for
solving problems, designing systems, and understanding
human behavior by drawing on concepts fundamental to
computer science (Wing, 2006). It is helpful not only in
maintaining competence in a technological society but also in
supporting development in higher-order skills such as critical
thinking, analysis, and scientific inquiry for the Science,
Technology, Engineering, Mathematics (STEM) disciplines.
Surrounding this, calls for incorporating CT into mathematics
education are rapidly increasing. However, the mere presence of
computers in the classroom does not ensure their effective use
or quality education. Structural changes in the curriculum and
instructions are needed to take full advantage of using CT to

teach mathematics and problem solving.
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Our work builds on the first author’s previously developed
conception of “learning as Making” (Ng & Chan, 2019 ; Ng &
Ferrara 2020) to envision a computationally enhanced
mathematics education. In particular, we were interested in
digital making as a form of artefact construction through screen-
based programming to support mathematical problem-solving in
fundamental ways. Digital Making involves students’ active
creation of digital artefacts through block-based programming.
It promotes 21st century learning skills and transforms
mathematical problem-solving from merely using formulae and
performing arithmetic calculations procedurally (Ng & Cui,
2021 ; Weng et al., 2022a). Rather, CT concepts and practices
such as sequences, variable-naming, abstraction, algorithmic
thinking, decomposing, and iterating are highlighted during
problem-based digital making activities, through which
scientific inquiry, mathematical thinking, and engineering

design can also be exhibited as integrated STEM learning.

In the past two years (2020-2022), the research team as led by
the first author has made significant efforts and progress in
designing problem-based digital making tasks with content
appropriate to senior primary and junior secondary mathematics
curricula in Hong Kong. These lessons have been implemented

in one public education institution (i.e., The Hong Kong
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Academy of Gifted Education) and two secondary schools
totaling over 120 students. In this paper, we share some detailed
lesson plans in which we integrated programming, problem
solving and recreational mathematics for a computationally
enhanced mathematics education in a class of Secondary 1 to
Secondary 3 students. Our goal is to reflect on the success and
challenges in the implementation of the lessons, as well as to
provide pedagogical suggestions for educators for future

implementations of integrating CT in mathematics learning.

We begin with describing our lesson design and rationale in
terms of teaching CT in the context of recreational mathematics
and problem solving, followed by providing our observations on
what students did and learned during the lesson implementation,
drawing on some student solutions and projects as examples. We
end with discussing some challenges experienced gathered
through the year as well as pedagogical suggestions for better
integrating the elements of programming, problem solving and
(recreational) mathematics for integrated STEM learning in

future practices.

Lesson Design and Rationale
In this article, we describe our implementation of five lessons

with the following themes: Introduction, Numbers & Algebra,
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Data Handling, Geometry, and Finale. Throughout the five
lessons, we chose to adopt Desmos Classroom to collect
students’ responses and to monitor their progress whenever
necessary. In each lesson, one of the authors would be the main
speaker and the rest would be teaching assistants, in the hopes
of gaining insightful observation from multiple perspectives. To
achieve “low floor, high ceiling” learning, we also included
extension problems in the design to achieve differentiated

instruction.

Tryouts

Since not all students have programming background, our first
lesson aimed at equipping students with the necessary skills. We
started by introducing some mini-games to demonstrate the
function of each command, such as “if ... then ...”, the use of
“variables”, and the concept of “events”. For example, students
will learn how to move the sprite (i.e., characters in the program)
using an “if... then...” statement with arrow keys, and command
the cat to fire balls at the bat in order to gain points through the

use of “variables”.
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Figure 1: Shooting Game

After getting a sense of Scratch programming, the students
customized their shooting games by adding personal elements
to the games. Through this, they demonstrated the open-ended
nature of digital making in offering opportunities for the
students to apply their programming skills in different ways

and creatively (see also Weng et al., 2022b).

Numbers and Algebra

The next lesson introduced three activities: Prime Number
Tester, Euclidean Algorithm, and the Count from 21 Game.
The first one tests whether an input integer is a prime number ;
and the second one utilizes an algorithm to find the greatest
common divider (GCD). The concept of Arrays (or Lists) was
also established in this lesson. The overall teaching strategy for

the first two activities was to guide students in understanding
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the program specifications, decompose the problem into
smaller steps, and be able to read codes that were already given
to them in the program. We also designed opportunities for
learning by leaving some code blocks blank and provided
suitable guidance when students tried to fill in the blanks on

their own (see Figure 2).

define. Swap  a b

- x
This function swaps the value of a and b.

For example, if we have x=5, y=7
Then swap (x, y) would gives us x=7, y=5

il

s @ @ |

: ) | | Thispartisthe
tepeat until gl - =° = Euclidean Algorithm

set  remainder v fo .
set  quotient »+ to .

add  join . join ° join . join ° join . join ° . tfo Log =
o @ @

2

EEVIN TN The HCF is b for o seconds

Figure 2: An illustration of missing parts of a program

For the third activity, we decided to adjust our teaching strategy.
Again, using game-based learning, we guided the students to

create a program related to a game called Count from 21. Count
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from 21 is a game where two players take turns to cross out one
or two numbers (starting from 21, see Figure 3), and whoever
crosses ‘1’ wins the game. In this task, the students were
prompted to design programs in which a user plays the game

with it, but it’s always the computer who wins.

Figure 3: Count from 21

To understand the game thoroughly, we let students play with
their groupmates and come up with a winning strategy on their
own. In doing so, they would discover the mathematics behind
the winning strategy, which was always to call a number which
is a multiple of three. Then, they would have to complete the
master program on their own with a few specifications. Such

design is very engaging because the students first physically
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experienced the game played and then were challenged to devise
a way that would always win. Overall, the three tasks called
upon the students to use both their knowledge and discovery
about numbers, as well as their developing programming skills

to solve problems.

Data Handling

We then turned our focus on simulation in this lesson.
Specifically, we chose three very well-known games to address
the concept of experimental probability, namely Rock-Paper-

Scissors, Dice Rolling, as well as Dart Throwing.

Number of Games Played D Number of Rolis [IEIN
Rock win [N 2 B s EEN
Paper Win (D 'Y © IBEY © |
Scissors win @D ) s +« B 10 @ED

Player 1 Win (IR e ® s + EN

76
Player 2win D cEl| (-mm 5
oraw S 7 .

Number of throws (D
Failed throws ([CID
Region 1 (IR
Region 2 (D
Region 3 (D
Region 4 [ZID

Region 5 [ | How many times you want
1o throw the dart?

2

]

Figure 4: Snapshots of Simulation Games
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To reinforce their programming and problem-solving skills,

students discussed with their partners and designed the

simulations based on the requirements given. In addition, we

asked some extended questions to enhance their statistical and

probability-related conceptions, such as the highest occurrence

of events, expected values, etc. The following are some

examples of questions used:

o ‘If we play the rock-paper-scissors game 1000 times instead
of 100 times, what do you expect to observe?’, and

e ‘If we roll 6 dice instead of 2 dice, describe what you think
the distribution graph will look like?’.

Through these questions, students were encouraged to make
further observations and uncover the statistical characteristics
such as the distribution behind the events. Therefore, we
intended not only to use programming for solely generating and
recording the results, but we also aimed at developing students’
statistical sense and thinking throughout the lesson. Ultimately,
the students gained an understanding about the advantages of
using the “random” function for simulating random events in
programming contexts versus hands-on simulations in real-life.
They became appreciative to computational means of solving

problems related to random events.
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Geometry

This lesson consists of three activities: Rotational Symmetry,
Tessellation and Sierpinski Triangle. During the first two
activities, geometric properties were introduced in a traditional
sense and then applied in a programming manner. To begin,
students learned to draw figures using a “Pen” extension in
Scratch program (Figure 5). It was expected that students could
draw an assortment of shapes with different repetition and
number of sides using the “repeat” and “change by 1 codes.
Indeed, the students were quick to learn how to draw in Scratch,
while visualizing different geometric figures by the way (i.e.
distance and angle of turn) the “Pen” moved in their designed
program. As such, the students interpreted the meaning of
geometrical concepts from the program, such as which kinds of
regular polygon can tessellate and which cannot (Figure 6), and

the degree of rotational symmetry of a figure.

Figure 5: A snapshot of Pen function
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Figure 6: Program for Tessellation

The third program serves to develop an additional knowledge
beyond the school curriculum for students, namely the idea of
recursion, in the sense of “a function that calls itself”. This is a
challenging task for students to apply what they have learnt in
this and previous lessons in order to create a program with a
“myBlock” and “nested loop”. Given that this task was
challenging, the students tested and debugged their programs
with their partners. Through solving this task, we intended for
the students to make sense of “myBlock” as a function
mathematically in the sense of “a machine with an input and
output” and to advance their programming knowledge of “nested

loop” by putting one “repeat” within another.
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Figure 7: An example of recursion in Scratch

The Finale

For the final lesson, we hope to (1) consolidate the students’ CT
skills, and (2) immerse them in the real-world mathematical
problem-solving in a programming context. Hence, we designed
and adopted a more challenging task, the Water Jug Problem,
with the following set up.

Suppose there are 3 jugs which do not have any measurement
indicators. It is given that the volume of Jug A and B are m and
n respectively with gcd (m, n) = 1, and that of Jug C is m+n.
Initially only Jug C is filled with water. Suppose a desired
volume is input by the user (an integer from 1 to m+n), students
were required to create a program which informed the user how
to obtain the desired volume by pouring the water among the

three jugs.
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\Volome

Volume of A [IEID)

W rostencion
. T

3 volume of 8 D
. D

5

Volume of C AN

Solution is Found

+ length §

Figure 8: A snapshot of a sample program

We first let students formulate the algorithms on their own by
playing with our “trial program”, in which they could easily
observe the behaviors of the volumes. This goal-oriented
problem in which students were first shown the digital artefact,
or the end product, was a pedagogical design very useful for
teaching programming, for the students would be well informed
what their programs should behave in the course of
programming. Then, upon some mini-presentation, students
started to work on the program. Extension questions were
adopted to guide students in revising their program as well as

their mathematical and computational thinking.
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Capacity

\olume

[ Pour to [ Pour to l [ Pour to
Jug B Jug A Jug A
[ Pour to [ Pour to ] [ Pour to

Jug C Jug C Jug B

Figure 9: A snapshot on our “trial program”

Observation and Students work

Based on students’ performance in the five lessons and their
classwork, we made the following observations. First, as Scratch
programming enables rapid generation of numerical and
geometric examples, it helps students to visualize mathematical
relations and patterns. For example, in non-programming
environments, students often find it difficult to hypothesize the
probability distribution graph of throwing two dice at one time
and finding its sum. With the help of Scratch, students were able
to observe the results of 100 or more throws, thus uncovering
that the event of obtaining the sum of “7” has the highest
occurrence and hence highest probability among all possible
events. These activities would not be possible in conventional
mathematics classrooms. In other words, Scratch facilitates

generation of mathematical examples, thus enabling observation
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of mathematical relations and patterns.

Second, the use of Scratch also enhances students’ problem-
solving skills. As mentioned, CT enables one to understand and
solve problems by drawing on concepts that are fundamental to
computer science (Wing, 2006). In the Water Jug problem, for
instance, students were given opportunities to understand and
solve the problem from the perspective of programming.
Aligned with previous studies, they performed CT as a mode of
problem solving while applying various Scratch commands,
such as variables, my blocks, to express their solutions in the
programming environment (Ng & Cui, 2021), and they
developed positive problem-solving disposition such as
willingness to persist in solving the problem (Ng et al., 2021).
As a result, students develop better understanding of the logical
relationship between various parts of the solution and various

mathematical concepts, such as the concept of function.

Third, we observed that the students were highly engaged and
motivated compared to conventional classrooms. With
appropriate lesson and task design, the students experienced
hands-on, personal, and goal-oriented learning experiences in
the “learning as making” environment (Ng & Chan, 2019; Ng &

Ferrara 2020). This resulted in the phenomenon that almost all
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students were actively engaged throughout the whole program.
Meanwhile, students were able to understand and solve more
difficult and open-ended mathematics problems with the use of
Scratch than the ones they were familiar in a traditional
mathematics classroom. Therefore, our problem-based digital
making instructional design enabled teachers to introduce
mathematical problems with multiples entry and exit points, into
the mathematics classroom. With such hands-on experiences,
we observe that students were more willing and able to engage
in each lesson, as well as participate in the activities

collaboratively.

However, we also note that some students would get confused
by the programming syntax easily. In those tasks where multiple
loops, conditionals (e.g., “repeat”, “if... then... else...”, etc.),
variables or multiple sprites were needed (e.g., Euclidean
Algorithm and Rock-Paper-Scissors), students might not be well
equipped to solve the problem by thinking of how it can be
decomposed into smaller steps and by designing an algorithm
that executes the steps, hence resulting in errors. For example,
some students programmed their solution to allow an input of 0
for the task of Count from 21, which is not acceptable since the
game only accepts 1 or 2 from each player. In spite of that, it

should be noted that once guidance was provided by teaching
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assistants, such issues were resolved, and students were
becoming more and more confident in applying CT to
participate in the activities, as evidenced by their responses in

the extension questions.

Reflection and Future Directions

In this era of technological advancement, there has been a call
for nurturing students’ capabilities of solving complex real-
world problems. To achieve so, students are expected to develop
higher-order skills such as critical thinking, analysis, and
scientific inquiry for the STEM disciplines. In particular, CT
enables one to understand and solve problems from the
perspectives of computer science (Wing, 2006). In other words,
students equipped with CT can implement information
technology into problem-solving with higher efficiency and
precision when compared to conventional mathematics learning
and teaching. Furthermore, programming enables students to
observe patterns and simulations that cannot be done in
conventional mathematics classrooms, thus creating personal
and mathematical meanings to them. As such, we believe these
lessons could serve as an alternative pedagogical approach in the

teaching of secondary mathematics in the future.

We also see that the current curriculum for STEM in Hong Kong
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are not yet mature such that most teachers find teaching STEM
difficult. Prior research evidenced that the barriers of developing
STEM are availability of corresponding lesson designs, the
support and resources, the tasks and processes of implementing
STEM education, and teachers’ professional development
(Geng et al., 2019; Lin et al., 2021). To further improve the
design and practice of STEM curriculum in Hong Kong, it is
essential to explore lesson designs and instructional plans
enabling teachers’ effective integration of elements from the
STEM disciplines into mathematics classrooms. This includes
lessons that effectively incorporate the interplay between
mathematical and computational thinking (Cui & Ng, 2021).
However, not all mathematics teachers had received relevant
training in related fields; let alone having a background on
programming. To this end, we are encouraged by the fact that
despite some of the co-authors had little background related to
programming initially, all of us were able to learn, develop, and
implement engaging lessons for this project. Therefore, we
believe that it is worthwhile for in-service teachers and panels to
consider the possibility of integrating some elements of CT into
mathematics classrooms, so that students can experience the
importance of CT and information technology in the process of
learning mathematics and problem-solving, as well as to

appreciate the importance of STEM education.
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Classroom 7% 2

Desmos
LR G OREF R p e IRk o WA
# %5 > @ * DesmosClassroom — > & it §

—

>m

I T

IR RS I ey
7 Il 4 %% | (synchronize learning) > ¥ — = & & 3§ ¥ fF 5
4w g Filwa o ja et gy o

2-%¥_ Desmos Classroom

Desmos #_d Eli Luberoff ** 2011 # £
£l

LS
- B T { & %3t 5 % | (Build a better Graphing
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Calculator) » ¥ (o3 5 4 ehp| & % H#F sl 130
Desmos Classroom F'|¥_ Desmos J}%]fs}\%;’%ﬁ ¥z 18 ¥ - B
M P FIEYIE KT LR A FRE > ¥V 5B
Pacing e ;% "4 & fF g 4 —F} - BE
2T LGt w R R 2 AR AT B B S T TR
g+ &F Y 1 E Nearpod & PearDeck Ap 7 > 5 ¢ & &

HEF A ek fFT R S a1 LA K
BV iEEIR K ik 4 (Dashboard) » 7 f3E 4 o Y
oI T TEAES - BRSO o g1 K G

S o BT E R PiER o

Desmos Classroom # i /j 55— @ @& * text + math input +

sketch # &%

Desmos Classroom # £ § 4438 %08 @ K3t FlP o i
CHEY BN R R o hmenr a4 5 ¥

R w g h R BTN RS R a2t LR

I REF CRAPIAMEE T FAAEERE o

THEFEMEBBLFF L LoBY 7 5 L4

- 'B?ﬁt'” FYEFRY AT T ext RE A

~ 2;“;’1”1'—math1nputJ v 1 E RE 4 T Bleh Dsketch | e

! https://artofproblemsolving.com/blog/articles/building-a-better-graphing-calculator-with-eli-
luberoff

2 https://teacher.desmos.com/activitybuilder/custom/624c15f37e0cec05210df99¢
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a1 Msketch ; » Pl E 4 "é,'fjrf@,),iﬁﬂ—‘l-
FAFHAER T R - S A A EESLSN rEA
A V-2 R APRELG THE, g o

Suppose w varies jointly as x and the square root of y. R - o :
When x=3 and y=4, w=36.
a. Find an equation connecting w,x and y.

Step 1. Write down the equation with k.

Step 2. Find the value of k.
k= m

Step 3. Write down the final answer

g]._

BEFFNAG T g LE L v o Bl o g
LH ¢ Zoom ¥ EmF o RF A jEFLY B F
Friw o £fF ¥ 2 9]* Desmos Classroom ¥ 17 7% & #i05¢

(anonymous mode) > EE 4 ch & Fd 2 X E R EFEN
XpFT g A BRI E R o M EA P p e AT
FEod ¥WHEA TR Y LA i 45 X T ILEE T sketch
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FURG 2 i b B § % R T L ST 1Y W

Expression Stude:

ts

Ji
)
=

B = &)

¥ ¢t » & * Desmos Classroom 1% — 1B 4% o> )7*&{? e

%4mé%ﬁ TpEer A NPT L S Ble k]S o (T
AERF O R AP O kRS VIR - Bosk B4 ¢80

AFLANE -G okt 520 B BLHF
TIENBRA AP TEL ¢ LR FE 2 RFEI BT L

g%igx%ﬁﬁ@%,Q%%Qﬁ?u%ﬁﬁﬁ%ﬁi
< ‘7Eﬂ;41; F’BmZ’i

Desmos Classroom # it /i 5= : & * math input 5 2
T 5RESR
i‘ﬂ’z IR SN S ?%a‘%: Ao AR B
SR S-SR S R AE Ak I S
- A- & AET A BiECA %J PO AR (G AR
LG TRAHRE P F LR -

-]
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Let's check out this question:
SHEM - REH - EH=1THHE - B4 - RFEQ?

We can let number of chicken be x, the number of rabbit

be y
The equation would be

8

I

AR R R AR ER T - BEE R

£ i

* 7 Ttext | (748 P » & @& * "mathinput | & & 4 w >
’&f'g];’_r L

LA L LR RS é‘é,’.é,:".x=175,

y= 7.5125&51*5  Fls p o FAe
w1 p glgggomru,ar%w:rw,%“""ﬁi;“ i?{ﬂ:’“@
SEREF LR AR S EAE SHEAES UL RS
PR BT HF OR S SR F &R 5 £ X

Ty 3 EER (=) et e

SEMBT oOx+y=35F Ri&kE I3 BHEERT
+2=354 FApH 2 p oo BHpP A G - ERE BT

X
24_
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X+y+long =35 LFF LA FHR FR>FF 7 o
viie &k - # long ?

RIS LEA RIS - FaE 31 0-F Ik SR
SH+2=35 R FFIAR A hR BB Yl B M - ¥
T#HFBT x+y+long=35 ek 5 > BT long
v i &_"long )]V"ﬂ\ i 3340 F AW

ERE RIS A PaY T RA AL, o Ak e
TR NN T T
Classroom > %_"F%’ BT - Bt R R SRR
AREfE o e @E AR Z R ERSE YR § G A REREH
SEY j’ﬁ{r PR ol 2beh kg, 0@ fa*%‘%ﬁ“%*’?
P RE - sfoledrk R F I HI1 L BRFFT T
EREaw AP ELRIIFS 2R AFROEY 2
Voo REFP R ERE A A > 0 R EE I A
iRt O R F RN T R T AR R o
Am Az XFRE G IR RET LR
RECLEAE EEEFE ST FT ERE EUS T O
Desmos Classroom b it it B 4 ¥ % » EXEF T
BRELE TRH v Bra T RARE, o ¢ iR
4 ikt DR Y hEE o
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For the equation x +y = 35

What is the possible value of x and y?

I

o

Ris o g ?_’rh**gg*,.;jéiﬁ,,—ja_—*ﬂz# SR P RE T A

Zoom > ® & i f2- BEF 028 iiPrﬂ%?ffu*ﬁ 28 2%
Fhoips LBEAT i 2 ’—m—:’r%ﬁ"qﬁ’ﬁ—fﬁ
FhRoLh s A-x A Ko FET A 5 B
oL g ol o T 7 BB
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2 &% TOverlay | 1 &
SRR T ER L ffaww%ﬁw@%o?
Y 3-4 BAFSX TR Y B | oo ok

Graph of Enear eqUAtioNS in Twa LkNCwWNS.

Considor the equation y=x+ 2,
Complete the olowing table

Consicer the agaation ¥ = + 2.

The scusiors are (=3,-1), (=11}, (1.3) gt
{35)

Piot the pounts represanting the orened pairs. on the
g Coerrat

Honce, writh down four solutions of the equation
y=x+ 2 in orged pairs.

. -0
5|
3}
 TRC TG T U TEU.) FRRY BRRE SRUE JNK TN
4
i
2|
What kind of graph da you ottsnedT

]'ﬁ;]_:

<~ N\
—

Rig s 3 & AR~ DE G
% + 5 M B e o Desmos
Classroom ¢ Sketch 1 £ 3
SRR L B
EFenf ;oo ¥ 1L -E 4 g’ﬁfg %
¥ & (overlay)4= % » 4-B 4 *
FoORMEFPT LE S S IR
ey =% o

o~

" Show Background
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dor it e B g BT ET T AR Rl G0 KR 1
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EL R84 5w S R Xfmaw b)) b EPER x o
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2 b @ (=3,0) S BE T A (0,-3) 2 b

[:]/ - o @ r * v’j s Q- - x
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e E)

1B R A A T OLRET il F

A in 2
PRt EY 1R 10T At KPR Google
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DALY TR IFERPIE 0§ F L GeoGebra 4
I }}am*égﬂglﬁolrﬁﬁg‘fiw’-&r
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FRE BB AL E R R E L
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bR KRRk S0 ¢ ,g‘;—'ﬁ—kgﬂ/}%ﬁ&i’aifé?
Desmos Classroom 5 3k¥ 1 L > MF R EEY 4 FF
XV RBFEOER CZVRERE TRA o ERFE AR
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R e T N R s Al RF A B

LR T EES S ER S 2

GoRFE T B aw o LE P it‘%%é%ﬁPFé*i@ﬁ
Bsrdh o 5% 2 e B B 2 iy Bl B By
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5, Z 484Xy pEZRY

Ak
ERE TR

H=
RL

R E STEM 08 0 SUB 2 5 & fL8 - fit -
lﬁiﬁ—r\r’;"’\-’ Uﬁ/‘é‘ifﬁ. ﬁ*/"LB ﬁ; 4wt é’f”FFB%E°E_ i'-%
(Trigonometry) € - F*F * 4> 5 FL A L

1

'p—&
Ut AT BT A D X% 2 G AR R (e A v R 2

LET Mdrirfo s LA T “aix > g~ STEM 1§ >
HBELEY HKE B

N N o

g R R R P B ROR K R a o =
(Triangulation) £~ ¥ * =% o 4oB] 1 BLipl ¥ & A B2
B2 %R E2paC2iEd - BRAERAB=C
¢

LR HEEAfEB AL BT

& B

i+ 3z 2> 3% (Sine

4’ sinA
W4 AC=b{rBC=a & R ia=c_— Ir

Formula) 4 %

sin B

—— o Fd B R CirEMm I RS AB - B EA

fi d = sin Asin B
sin(A+B)
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c

B1:=z &pRE7R

I

CARIRFRAT T GE NPT R E L Fp S bR
e B 2 B 24 B uwm I RED
O AATRY BERE LSRR THE TSR
AE &Ky R b= (Mobile App) 15 0 3= 4p ik
GLEFR P ARE PR 6T P RE RG2S
LEF M AoR 247m c RpIE A BLerpEAE AT @ H
# % (Pedometer ) - iz # & fivit & f1* 23k e > ks

(GPS)  jedLipl % 1% (7 BEHfr A 8 fui -

T

MR ARdeR I = £RE > Y RAF-F
BEGLWHRIET SRS (ICC) cipld - 4oB 3> % A 5
=5 ( 'a%%;‘%)l.%i}m eE. (V) BELFSHEE B
PR BN AR B E S BL( R k) BE LBk g

Comrkp s B3 PR * plE gt R AC
3 =5 005°0 AB = =5 107° > ] LCAB=102° ; ~ ] ¥
BC = =5 356° > BA = =5 287° > ¥t ZCBA=69° - ¥ —
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Rl#& 3: ad RBZARIF T4 FRRYT R I DRE
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3. KE X RGPIE > PHFARE S VUERAIFR D
PREEA  FERIEHE LA (ZoomIn) # g o A
e AR R o o i (R

4. RETVRAGIBEFRE 2L F % LY RAF D
A EFRE RES TG 82002 F L F B I H
B AT oy > o RIESS ¢ o

5. ZFRARBRFARDBAEOER 4 S AL
# 4748+ ( Atmospheric Refraction) » F]pt ip| £ ¥ & pF #7py
Ben® w85 A o BARBOFR o T LA B

6. o g AR, FE S FERFIRIE 0 R e =

4 5 (Spherical Trigonometry ) > ¥ & = & ¥ ke oo
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B 4:mETR

0Otk SR MERhp o BRI AR S IR chin B PR a %
BRI RPE{ 6 FARL » R 2 B4 5 % p 4L (Diurnal
Parallax) ° 4@ 5> 3% M E_gLip| —"” »E® ke w s SE
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Z
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E / d S

Bl 5: % paLi

School Mathematics Newsletter - Issue No. 26



75

Exraam 2 2k AR EME 2RI sy (AT
% > Hipparchus » %3 190 & —%5 % 120 & ) i #F % p 4R
Lo EpgL et e BRlE Ao TRLL
7ood BN S BE R Rapeg > SR L5490 B o
¥ - o &% 2 & pde ¥ % (Claudius Ptolemy > ¥ 100 +#
— {170 & ) e s B TARLE 3 > TP R EHEI e RE
e 1210 8 o =3 BEPIEFFHELY 3 FREL 7 &
TN REFLREIE R ED FRIE SR AL
R IE IR RApLI < BT 17T % FHRGFE
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Actually having the disease among Those Tesling +ve ~ 9%

01%  Having disease
B3

TEBE AP R T KA fd Al ¥ B EH
BE AR 4 e &ﬁ BYRE o AP sg T B 57 Metropolis-Hastings &
E o - AL v A E+ R 2 MCMC (Markov
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7. Sharing of experience on using Jupyter notebook for
teaching

Dr LIU Kwong-ip

Department of Mathematics, Hong Kong Baptist University

Introduction

Jupyter notebook (https://jupyter.org/) is a popular web-based
platform for Data Science. It provides an environment for
interactive and exploratory computing. Users can present the
ideas and methods as a web document with the codes that

generate the results.

Due to its document-centric nature, notebooks are also useful for
teaching and learning (https://jupyterdedu.github.io/jupyter-
edu-book/). In this article, we share some experience on using
notebooks in an interdisciplinary general education course
“Playing Sound”. This course covers the topics from different
fields including Physics of the sound waves, Mathematics of the
musical tunings, and computer coding for the sound generation
and analysis. We wrote the notebooks for the demonstrations in
lectures and computer laboratories, and also the weekly
exercises. For example, Figure 1 shows a demonstration of

sound (traverse wave) propagation by an interactive animation.
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Figure 1: An interactive animation in Jupyter notebook

Available Platforms

Jupyter notebook for a standalone computer is freely available
to download. However, it is necessary to install the toolchain of
computer language, e.g. Python, beforehand. A simple solution
is to install Anaconda (https://www.anaconda.com/) which
includes Jupyter notebook, Python, and other computer

languages.
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It is more convenient to use Jupyter notebook on online website
without installation of any software. In this case, students can
access the notebooks by their mobile phones or tablets. The

following are two common platforms which are free to use:

1.  Google Colab (https://colab.research.google.com/)
2. JetBrains Datalore (https://datalore.jetbrains.com/)

If technical supports are available, installation of Jupyter
notebook system into a server computer is a good option. We
installed “The Little JupyterHub” (https://tljh.jupyter.org
/en/latest/) into our own server so that we have the full control
of the system. The result was very satisfactory. The creation of
user accounts and the distribution of notebooks can be highly
simplified. However, due to the change of policies, we were not

allowed to run our own server.

The current notebooks of the course “Playing Sound” were

implemented in Datalore °

Typical Example
Figure 2 shows a section of a notebook to demonstrate the
relation between the frequency and the pitch of sound.

Basically, a Jupyter notebook is a list of GUI elements called
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cells. There are three types of cells: the markdown cell for text,
the widget cell for GUI input, and the code cell for computer
language (e.g., Python) statements. Markdown is a simple way
to specify the formats of text. For example, the section title is
the markdown “# Frequency and Pitch” where the “#” sign
denotes heading. The description of this section can be found in

the cell below the title.

The next cell is a widget cell called “slider”. User can drag the
slider to different positions to specify the value of a variable
“frequency” in this example. The widget cells make a notebook
much easier to use, especially for the students who are not
familiar with computer languages. Without the widget cells, user
needs to modify the computer codes in order to change the
results. Widget cells, like slider, provide a user friendly

environment where the user need not touch the computer codes.

In the code cell below the slider, there are two Python
statements. The first statement generates a sinusoidal wave with
the frequency specified in the slider and the duration one second.
It utilises a Python module called ThinkDSP
(https://github.com/AllenDowney/ThinkDSP). The  next
statement converts the sinusoidal wave to a sound recording.

The widget with a play button and time slider is the result of the
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execution of the code cell. User can perceive the connection
between the frequencies and the pitches of sound using the

notebook.

Frequency and Pitch

The musical pitch of sound is determined by the speed of those vibrations, which we measure by their “frequency”
{number of vibrations per second of time)

frequency

440

wave = thinkdsp.sin_wave(frequency,1)
wave . make_audio()

P e 001 W)
Figure 2: A typical section in Jupyter notebook
Possible Usages in Teaching Mathematics
The following are some ideas of the usages of Jupyter notebook

for teaching mathematics:

1.  Some students may have the difficulties to visualise the

relations between the parameters and the graph of a
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function. An interactive plot of a function with the

parameters specified by some sliders can be implemented.

Jupyter notebook with Python can be used for the
illustration of 3D geometric shapes. Figure 3 shows a 3D
harmonograph implemented by the students of the course
“Playing Sound”. The orientation of the object can be
changed by dragging the graph. The interactive 3D plots
coupled with the widget and markdown cells should be
helpful for the students with the difficulties to visualise 3D

objects.

SymPy is a Python library for symbolic mathematics. It can
be used to solve equation or find derivative and anti-
derivative. When it is used with Jupyter notebook, teachers
can provide illustration of the ideas in Calculus. It can also
be used as computer algebra system (CAS) for students to

find the correct answers of Calculus exercises.
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Figure 3: 3D Harmonograph

Limitations and Problems

Some basic knowledge of computer programming are needed to
write a notebook. Although Python is considered beginner-
friendly and easy to understand and use, novice may need to take

around one or two months to learn the language.

In general, Jupyter notebooks are quite computational
demanding. Using the free web platforms (Colab and Datalore),

sometimes the execution can be slow. Moreover, there is no

School Mathematics Newsletter - Issue No. 26



99

simple way to distribute the notebooks files to students

efficiently.

Using the standalone version may have the same problems if the
computer processing power is not good enough. Moreover,
Anaconda is bundled with many software and occupies a lot of

disk space.

Conclusion

Jupyter notebook provides a relatively simple way to create
document-centric and interactive environment for students to
understand and test various ideas. When it works with Python,
which has a large number of free packages available, there are

many possibilities to explore.

Email: kiliu@hkbu.edu.hk
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10. Promote LaC and STEAM Education in Primary
Mathematics
Dr LEUNG King-man, Ms AU Wing-mei

Mathematics Education Section

Ms CHAN Ka-man, Ms LI Wan-fan
Kowloon Women’s Welfare Club Li Ping Memorial School

Promotion of reading to learn in schools is one of the effective
teaching strategies in learning Mathematics. While language
teachers focus more on the teaching of reading strategies and
skills, Mathematics teachers should encourage students to apply
the relevant skills, and broaden their knowledge and exposure
through reading materials in subject matters. This paper reveals
a study conducted in different primary schools over the past
years and shares teachers’ experience in effective use of reading
strategies to strengthen students’ mathematical & STEAM
knowledge and foster their generic skills such as self-study,
reading, communication and problem-solving skills. Data was
collected in the form of classroom observations, field notes,
documents and students’ annotated work. To encourage
student’s learning through reading in Mathematics classrooms,
teaching strategies such as group presentation, reading
competition, annual book fair as a platform for promoting
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reading in Mathematics and STEAM education, student’s
reflective journals and book reports will be reviewed.

INTRODUCTION

A well-known and essential learning strategy for life-long
learning is ‘learning through reading’. Promoting a reading
culture among students is therefore one of the key tasks in the
curriculum reform with the aim to strengthen students’ learning
capabilities, especially in the subject of Mathematics. According
to the Progress in International Reading Literacy Study (PIRLS)
results at 4th Grade in 2007 (Baer, J., Baldi, S., Ayotte, K., and
Green, P., 2007), Hong Kong students ranked the second among
the forty-five countries/regions all over the world. As compared
to the result published in 2001, Hong Kong students have a
significant improvement. In the 2016 result at 4th Grade (Mullis,
I.V.S., Martin, M.O., Foy, P., & Hooper, M., 2017), Hong Kong
students are still at the position of top-performing
countries/regions. Below is captured to show situation and

scores of those top-performing countries/regions:
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PIRLS
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(Source: PIRLS 2016 International Results in Reading, p.20)

Regarding “Multiple Comparisons of Average Reading
Achievement” for the above table, Hong Kong’s good

performance is captured and listed below (p.22):

“... Hong Kong SAR was another top performer,
with achievement similar to or higher achievement
than all the countries except the Russian

Federation ...”

When this paper was written, the PIRLS 2021 result has not yet
been released. Hence, the latest data cannot be obtained yet, but
the following change captured from its website is
highlighted below for information and reference:
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PIRLS 2021: Transitioning to Digitally Based
Assessment

PIRLS 2021 offers the PIRLS assessment of
literary and informational reading in a digital
format, presenting reading passages and items as
an engaging and visually attractive experience that
motivates students and increases operational
efficiency.

Having PIRLS in an electronic environment
enables joining it with the ePIRLS assessment of
online informational reading. With PIRLS all
electronic, countries can administer the full PIRLS
reading assessment - PIRLS Literary and
Informational as well as the ePIRLS Online
Informational - as one seamless, digitally based
endeavor. It is also possible for countries to
administer the paper-based version of the PIRLS
assessment of literary and informational reading.

(PIRLS  International = Research  Program:
http://www.pirls.org/)
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Thus, the reading culture and practice are changing in the world
and in Hong Kong as well. For Mathematics in Hong Kong
nowadays, reading helps students develop thinking skills, enrich

knowledge, enhance language proficiency and broaden life
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experience; and promotion of reading to learn in schools is one
of the effective teaching strategies in learning mathematics.
While language teachers focus more on the teaching of reading
strategies and skills, Mathematics teachers should encourage
students to apply the relevant skills, and broaden their
knowledge and exposure through reading materials in subject
matters. Reading across the Mathematics curriculum needs to be
strengthened and a whole school approach should be adopted to
share good practices and nurture a reading culture within the
school (CDC, 2002). Students should be encouraged, as early as
possible, to make full use of the school libraries to read a wide
variety of materials (e.g. mathematics story books & history in
mathematics) apart from textbooks or reference books for
achieving different learning targets and hence lifelong,
independent learning. In response to the changing needs of
society, the rapid development of science and technology, the
results of international studies on our education system, as well
as views of stakeholders, the Mathematics Education KLA
curriculum (CDC, 2017) is developed in a direction to extend
the existing strengths, to enhance students’ learning progression
and to align with the focal points of ongoing renewal of school
curriculum. The focal points that connect with the development
of the Mathematics Education KLA include STEAM education,
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information technology in education, Language across the

Curriculum (LaC), etc.

A Pilot Scheme - Reading to Learn (Primary Mathematics)

To achieve the mentioned-above, for the past years, Reading to
Learn (Primary Mathematics) was a longitudinal study of the
pilot scheme conducted by the Mathematics Education Section,
Education Bureau. The teacher seconded in 2018/19 (Teacher
A) and another teacher seconded in 2021/22 (Teacher B) from
Kowloon Women's Welfare Club Li Ping Memorial School
worked in the Mathematic Education Section to serve as teacher
researchers to participate and assist in conducting the pilot
scheme in those school years respectively. The teacher
researchers served an important role, and one of their major tasks
was to conduct the scheme and collect the data. After teacher A
finished her secondment and returned to her own school, she
joined the scheme to promote LaC in her school. While working
in the section, teacher B served as the key person of the scheme
and conducted school visits for the participating primary schools
to collaborate with teachers to design, develop and try run the
reading activities including students’ reading
competition/sharing, annual book fair as a platform for
promoting reading in Mathematics and STEAM education,

Reading Day, etc. For data collection, they were collected
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through classroom observation (Zoom mode due to the COVID
pandemic), document analysis, teachers’ discussion and
students’ annotated work collected. The qualitative approach is
mainly adopted to conduct the scheme. In addition, a partnership
amongst the teacher researchers and school teachers of primary
schools was well established in order to generate and develop
different reading activities with authentic situation on the
Mathematics lessons. For the analysis on collected school-based
reading materials/passages or developed reading activities, this
study aimed to explore (i) how the reading activities can arouse
students’ reading/learning motivation and enhance their
mathematical interest/ability; and (ii) how students can apply
their mathematical knowledge and STEAM skills to solve the
issues raised in the reading activities in mathematics lessons. For
the deliverables of the scheme for each school year, a book list
on reading mainly including Mathematics and STEAM

education were generated and uploaded to the web as below

https://www.edb.gov.hk/attachment/tc/curriculum-

development/kla/ma/res/pri/PriMathBkList.pdf

for schools’ use and reference, to well understand how to
promote LaC and STEAM Education in primary Mathematics in

the scheme, the following schools’ experiences captured in
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different school years are to show and illustrate on how to

achieve the scheme aims mentioned above.

Schools’ Experiences Sharing (2020/21) - Reading Activities
During the 2018/19 school year, Teacher A actively participated
in the Reading to Learn Pilot Scheme and assisted in the
development on school-based reading plan & activities in
Mathematics of the participating schools. After she completed
her secondment, she encouraged her school head to join the Pilot
Scheme in the next two school years so as to further promote the
LaC in her school, especially in Mathematics and STEAM
education. In 2020/21 school year, her school reading strategies

included the following

Reading Preparation / Implementation
Strategies
Theme- e Teachers selected different themes, e.g.
based STEAM to arouse and strengthen students’
Reading interest among different subjects.

e Book fair was the original plan. However,
due to COVID-19 pandemic, books

sharing on display board was adopted on

STEAM Day.
Reading ¢ Reading materials were displayed in the
Activities class for students’ easy access.
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Reading Preparation / Implementation
Strategies

e During school holidays, students needed to
read the materials/essays/tailor-made
video clips distributed by their teachers.
And, students needed to write the reading
report for sharing with classmates during
the lesson later.

e Through Reading Award Scheme, students
were encouraged to foster their reading
interest in the areas of LaC/STEAM.

Promotion
e For those promoted books, teachers
of Books ) ) . .
provided tailor-made video clips and sound
files for their students (due to COVID-19
pandemic & no face-to-face lessons in
school). (Figure 1)
Reading ) . . ) .
b e Teachers identified some interesting topics
ay

such as paper folding, curve stitching, 2-D
shapes, etc. as the focus of the Reading
day. After reading the related materials,
students were required to make their

models accordingly. It could make students

feel satisfactory with the product (the
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Reading Preparation / Implementation
Strategies

Platonic solid “dodecahedron”) through

learning from reading. (Figure 1)

Book e After students’ book reading activities had
Reading arranged in first & second school terms
Sharing respectively, they needed to share in the

class. Due to COVID-19 pandemic, Zoom
lesson was in first school term (Figure 2).
And in the second school term, a face-to-
face lesson could be conducted and
students were eager to share their reading

experience with other classmates.

Promotion | e Teachers designed and developed “pocket

of Reading size reading” essays for students with less

Atmosphere reading ability so as to enhance their
reading capacity gradually and steadily
(Figure 3).

e Different and simple essays were put on
display board in the classroom so as to
arouse students’ reading motivation and

interest (Figure 3).
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video clip for promotion of | Students’ Work (Platonic

book solid “Dodecahedron™)

Figure 1

Ilustration on Reading materials | Sharing Reading experience

(Zoom lesson) among students (Zoom lesson)

Figure 2
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“pocket size reading” essay | Essays on Display Board for

students

Figure 3

In spite of the suspension of face-to-face lessons for some
periods in the 2020/21 school year, the planned reading activities
were smoothly conducted. Apart from the above, Teacher A also
generated the school-based LaC/STEAM reading book list for
their students at each level from primary one to six (Appendix

1), which can be a good reference for other schools.

Schools’ Experiences Sharing (2021/22) - Reading Plan with
Mathematics/STEAM

In the 2021/22 school year, although the COVID-19 pandemic
still affected the school operation, the Reading to Learn Pilot
Scheme kept on running. Another teacher (Teacher B) was
seconded and assisted in the development on school-based
reading plan and activities in Mathematics of the participating

schools. While face-to-face sharing presentation discussion,
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Zoom lesson observation and school visits with lesson
observation were conducted, two pieces of valuable experience
generated would be worth sharing for teachers’ reference. The
first highlight was the school-based annual reading plan with
STEAM elements embedded (Reading Plan steam), and the
other was a Zoom reading lesson in STEAM. For the Reading
Plan steam, one participating school designed a number of
different reading activities and implemented throughout the
whole school year, including “Preparation for the reading
materials and list focusing on Maths/STEAM”, “Purchasing
more Maths/STEAM books”, “Reading activities for the whole
school year”, “Introducing the Maths/STEAM books for
students”, “Web surfing for Maths/STEAM reading materials
and promotion”, “Sharing of reading results”, etc. For the
details, the Appendix 2 is referred. The aforesaid Reading
Plan_steam was comprehensive and viable for implementation.
Even under the impact of COVID-19, the majority of the
proposed activities were smoothly conducted. For the second
highlight, a Zoom reading lesson with STEAM elements
embedded was conducted in junior primary level in early 2022
during the period of suspension of face-to-face classes of
primary schools. A school teacher extracted different content
with STEAM elements from a book and illustrated one by one

in the lesson. Students were guided to read the simple and short
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materials displayed in the PowerPoint slides in the lesson and

answer teachers’ questions posed (Figure 4).

Table of Contents |

C
-

PowerPoint Slide developed by teacher for introducing the
Reading materials (Zoom lesson)
[T RS A RN

=+ Teacher's guiding
. question for students |

Students answered teacher’s question after her illustration

(Zoom lesson)

HE5-8RBE
15EMPEENRES
E5E STEM books [

Promotion

Promotion of different STEAM books

Figure 4
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Towards the end of the Zoom lesson, the teacher provided and
promoted different STEAM books for her students so as to
encourage and foster their reading interest and ability (Figure 4).
At the review meeting with the teacher, she expressed that the
school had already purchased a number of Maths/STEAM books
for their students and some of them were especially for primary
two students. During the first school term, the Panel Chairperson
produced video clips to share with students on Maths/STEAM
books in their reading activities, and students were asked to
finish the related worksheets/reading reports. A Book Fair
focusing on Maths/STEAM reading materials was rearranged
from the first school term to second school term due to the
COVID-19 pandemic. For the above, the school’s practices

generated were worth referencing by other schools.

Reflection on the Pilot Scheme

The Pilot Scheme has been conducted for a number of years and
lots of valuable experience has already generated and delivered
for schools’ reference and use. However, for the recent years,
the COVID-19 pandemic made the previous arrangement
change a lot. Teachers’ reflection from the above shared cases
were provided below so that schools could promote LaC and
STEAM education in primary Mathematics effectively through

reading.
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Increase the number and variety of Mathematics books in
schools - Through this project, teachers had the opportunity
to re-examine the existing Mathematics books in schools,
and explored the digital reading materials in the web so as
to purchase some new books/e-books that suit students'

level and interests.

Increase students' attention to reading Mathematics books
and develop the habit of reading Mathematics/STEAM
books - The school used posters and short videos to
promote teachers' favorite Mathematics/STEAM books,
which successfully attracted students' attention to reading
Mathematics/STEAM books and the school encouraged
students to continue borrowing Mathematics/STEAM
books through the Reading Rewards Program to cultivate
their habit of reading Mathematics/STEAM articles.

Increase students' mathematical knowledge and generic
skills - Most students could complete the reading reports or
worksheets carefully. During the sharing session, students
were able to prepare materials carefully and prepare some
questions to help their classmates better understand the
contents of the book. The whole activity allowed them to

gain knowledge, value judgments and learning attitudes.
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Nurture students’ reading motivation and interest -
Through the experience of implementing the annual
reading plan, teachers knew more about which type of
Mathematics/STEAM books students were interested in.
Therefore, it could help teachers purchase/select some
interesting Mathematics/STEAM books that students could

read easily so as to broaden students' knowledge.

Enhance the professional development of teachers - In the
process of planning, implementing and reviewing the
whole pilot scheme, teachers believed that their
professional development could be facilitated by
interacting with the support of the Mathematics Education
Section. Teachers understood how to plan various reading
activities in line with the objectives of the Mathematics
curriculum, and integrate the "Mathematics Book Reading
Plan" into their learning, such as how to use reading
chapters, arrange reading activities that suit students' levels,
and cultivate their habit and interest in reading
Mathematics/STEAM books. Teachers raised that the pilot
scheme enabled them to observe students' performance in
sharing reading results and participating in reading days,

and enhancing student engagement. It was more effective
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than simply recommending reading experiences by

teachers.

Concluding Remark

Since "Reading ro learn" is one of the four key tasks of the
curriculum, the school in this case study has always listed the
promotion of reading as one of the key development items,
hoping to cultivate students' interest in reading and establish
good reading habits. However, most schools arrange reading
activities in Chinese and English subjects, and the promotion of
"learning by reading" in Mathematics is sometimes neglected.
Therefore, schools lack experience in finding resources and
promoting them. Through collaboration with the Mathematics
Education Section of the Education Bureau, such as writing an
implementation plan, formulating work items, formulating
success criteria and implementing reading activities, letting
them understand the value of the plan and the details of its
implementation. Due to the epidemic, some plans have not yet
been implemented. It can be expected to promote the atmosphere
of reading Mathematics/STEAM books. This paper aims to
contribute to issues on promoting LaC and STEAM Education
in primary Mathematics by presenting a pilot scheme with
schools’ experiences and good practices generated. For the

current trend “ePIRLS assessment of online informational
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reading”, it would be the direction of future research to
investigate on how to promote it in schools by strengthening the
LaC which students can more deeply appreciate the joy of
reading Mathematics/STEAM books, particularly for those
reading resources in a digital format provided in an electronic

environment.
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