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School Mathematics Newsletter (SMN )

Foreword

The School Mathematics Newsletter( SMN )is for mathematics
teachers. SMN aims at serving as a channel of communication
for mathematics education in Hong Kong. This issue includes
various articles written by academics and teachers, related to
the current hot topics in education, e.g. STEM education, e-
learning and the practical application of artificial intelligence,
etc. Other articles involve different areas, including
suggestions of effective strategies in learning and teaching of
mathematics on specific topics; strategies to facilitate the
teaching of Compulsory Part with Module One and story about
the number e. I hope all the readers can get some fascinating

insights in mathematics education.

We would like to take this opportunity to thank all the authors
in this issue. Without your support, it would not be possible to
publish SMN issue 23.

SMN provides an open forum for mathematics teachers and
professionals to express their views learning and teaching in
mathematics. We welcome contributions in the form of articles
on all aspects of mathematics education. Please send all

correspondence to:
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The Editor, School Mathematics Newsletter,
Mathematics Education Section

Curriculum Development Institute

Room 403, Kowloon Government Offices
405 Nathan Road

Yau Ma Tei, Kowloon

email: schmathsnewsletter@gmail.com

We extend our thanks to all who have contributed to this issue.
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1. What ‘Teachers’ Can Do to Foster STEM Awareness
through the Learning of Mathematics
LAW Huk Yuen
Department of Curriculum and Instruction

The Chinese University of Hong Kong

With the ever-growing pace of technological advancement,
STEM (Science + Technology + Engineering + Mathematics)
education comes into the focus of attention in our revised
elementary (both primary and secondary) Mathematics
curriculum. From the perspective of curriculum design, the
STEM initiative invites both constraints and challenges (see
Herschbach, 2011) as we attempted to incorporate STEM
education into our existing curriculum framework. There is as
we can see a great variety of how STEM is and would be
highlighting (in terms of educational resources) in schools such
as through General Studies in the Primary and through
Technology Education in the Secondary. And yet, from the
epistemological point of view, mathematics as a long-
established discipline remains as ever the highly significant
core subject in the elementary education. Ontologically
speaking, mathematics itself has a unique role to play in our
undertaking of meta-ontological theorizing of being through
which we may understand better of what is existing in the world
we are living in. Thus, I argue that mathematics itself is both
the key with which we open and the keyhole through which we

vision the world of STEM (see Figure 1 as I used in my writing
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for SMN, Issue 21). The vision of seeing the world of STEM
through the keyhole of mathematics requires teachers to have
dedicated mission of reinventing their own teaching (Law,

2013) through researching their practices.

M: Awareness of using mathematics as a
language to interpret life experience

E: Awareness of designing model for solving
problems

T: Awareness of making tools for solving tasks

S: Awareness of making inquiry for natural

phenomena
Figure 1. Making sense of STEM in Maths (HY Law, School
Mathematics Newsletter, 2017, Issue 21, p. 8)
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The three-teacher model

To foster students’ STEM awareness through the learning of
mathematics, we need to have three ‘teachers’ — the learner-
as-teacher (the First Teacher), the school teacher (the Second
Teacher), and the environment-as-teacher (the Third Teacher).
Loris Malaguzzi (1994) argues strongly that “We need to
define the role of the adult, not as a transmitter but as a creator
of relationships — relationships not only between people but
also between things, between thoughts, with the environment.”
With the adoption of such a three-teacher model in the STEM-
in-Maths (SIM) classroom (see Figure 2), we need to reinvent
the notions of curriculum and assessment — curriculum as
learning and assessment as learning. Such kind of reinvention
requires school teachers to see education in general and STEM
education in particular as relationship — relating teaching to
learning as self-inquiring process (by asking “what do I learn
and why I want to learn it?”, “how do I know that I have
learned?”’) and in turn to the environment itself as ontological

experiment with which we create space for learning.
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Environment as affordance
The Third Teacher)

Teacher as agent
(The Second Teacher)

Student as agent
(The First Teacher)

Task in Context

Affordance for

engagement in task activity

Figure 2. The three-teacher model for fostering STEM-in-

Maths awareness

The First Teacher — Student as Agent

All human beings are born into the world as a learner to be. As
natural born learners (see Beard, 2018), we are the first teacher
who should know best to teach ourselves the way we learn. 1t
is the human rather than the technology that teaches us through

social interactions. With exploratory actions, we as self-
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directed learners develop our agency for monitoring and
assessing the task as encountered in the environment. Tversky
(2019, p.288) argues that “actions in space create abstractions”.
Yet, making sense of abstractions that we create requires us to
engage in voicing through the dialogic space whilst doing the
action-oriented task. Hand-on activity is the natural way of
developing our spatial thinking (abstract thought of the first
kind) that underlies our ability of making sense of STEM world
we live in. Engaging in the hand-on activity will develop the
kind of emotion or feeling that urges us to assess what kind of
learning experience that we have gone through. Such kind of
assessment is of vital importance for building up the motivation
behind not just the learning of mathematics itself but the
fostering of the disposition of self-directed learning
(Guglielmino, 2013) for STEM awareness.

The Second Teacher — Teacher as Agent

Learning begins to take place by the moment when the teacher
opens the action possibility by creating the task in the
classroom and invites the students to engage in it. The teacher
as agent for making the difference wants to foster students’
response-ability (capability to respond) by creating dialogic
space through which she would see the chance of making a
collaborative effort at making sense of the classroom discourse.
The teacher is well aware that making mathematics meaningful
to the students can be possible by having a quality classroom
interaction upon the task as engaged rather than by a sheer
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telling or saying of what to do with the task itself. Knowing
how to respond the students’ responses enable the teacher to
develop the milieu in the classroom for the adoption of
assessment as learning (Earl, 2003) as she knows well that the
kind of feedback to the learners is aimed to develop the
thinking about thinking of what kind of learning experience
that they would have. As a guide for teachers to design the task
for the students, we may make sense of ‘rich task’ as an
equation such as ‘Rich Task = Good Problems + Quality
Learning Discourse’. In other words, teachers need to adopt
various teaching strategies such as questioning and group work
to bring in the meaning for the students’ learning through
quality mathematical communication of the problem task as
designed. In the making of the problem task, the teacher needs
to have a dialogue with the environment as the third teacher

who tells what is going on in our world.

The Third Teacher — Environment as Affordance

Reggio Emilia, the city in southern Italy, is where Loris
Malaguzzi’s idea of the environment as the third teacher comes
about. The Reggio Emilia philosophy values children as central
to their own learning via negotiating what to learn with their
surroundings (see Strong-Wilson & Ellis, 2007). If we as
teachers are to adopt such a philosophy, we would see all kinds
of action possibility of designing the task for fostering
schoolchildren’s STEM awareness. As we see the emergence

of what the students want to learn, we come to understand what
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to-be-designed task constitutes the notion of ‘curriculum as
learning’. By the very moment we capture the image of our
students as a curious learner with inquiring mind, we realise
that it is the beginning of teaching something that fits what they
are interested to learn (see Malaguzzi, 1994). In other words,
environment affords learning if we can design the classroom
task by adopting the learners’ perspectives of how they make
sense of the world they are living in — fask in context. I would
argue that the task can be ‘rich’ only when the classroom
teacher can articulate three kinds of affordance — ‘affordance
for task design’, ‘affordance for engagement in task activity’,
and ‘affordance for dialogue’ (see Figure 2). The concept of
‘affordance’ that comes from James Gibson (1979) empowers
us with the awareness of developing possible actions for
undertaking our STEM practices. In the STEM context, [ would
rather adopt the ideas of ‘semiotic affordance’ as “responses to
a conceivable practical action made possible by habits”
(Morgagni, 2012) with which hopefully the teacher can provide
her students the kind of semiotic mediation for developing their

STEM awareness through the learning of mathematics.

Coda

Fostering STEM awareness through learning mathematics as
confined in the classroom context is indeed a challenging
mission as it involves a complex interplay among the three
entities -- agent, task and environment. And yet, it is worth

pursuing if we as teachers do not just want to make sense of
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STEM education but to make sense of learning mathematics
itself for our schoolchildren. With the design of rich task, it is
hoped that the hand-on activity as a way of undertaking the
enactive explorations can help learners to make meaning out of

what they would have learned in mathematics classrooms.
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5. The e Story
WONG Hang Chi
International Christian Quality Music Secondary and Primary School
CHEUNG Ka Luen
The Education University of Hong Kong

1 Introduction

The Euler's number e = 2.718281828 plays a very special
role in Mathematics, especially in Calculus. In the Mathematics
Curriculum in Hong Kong, for instance, students may select the
Extended Part Module 1 (Calculus and Statistics) or Module 2
(Algebra and Calculus), in which this concept is introduced.
This learning objective is stated clearly in the Mathematics
Curriculum and Assessment Guide (Secondary 4—6) provided

by the Education Bureau.

For Module 1 students: “recognise the definition of the number

2 3
e and the exponential series e* =1+ x + % + 9;—' + -7 and

For Module 2 students: “recognise the definitions and notations
of e and the natural logarithm.”

However, the introduction of e requires tactful planning. Some

students found it difficult to believe in the existence of the limit
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n
of the sequence (1 + %) ; some struggled with the sum to

infinity of the series 1 + 1 + % + ; + --- and wonder why this

could possibly be finite; while some just could not imagine how
it works. This article aims to discuss a different pedagogical
approach to introduce this special number to secondary
students, so that students could have a deeper understanding of

the definition of e and the exponential function.

In this article, for the sake of simplicity, the sets of natural
numbers, rational numbers and real numbers are denoted by N,

Q and R respectively throughout.

2 A Problem Solving Activity

2.1 A Function which Equals its Derivative

The lesson planning we would like to present here reverses the
order of the traditional approach, which suggests the existence
of e first and then goes on with the differentiation of
polynomials, exponential functions, etc. We shall, however,
delay the introduction of e after the discussion of the
differential calculus of polynomials and the basic
differentiation theorems such as Addition Rule, Product Rule,
Quotient Rule and Chain Rule.

In this activity, students are first asked to find the derivatives

of certain algebraic expressions like polynomials x2, x3, x*,...
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. . 1 1 1 .
and rational functions TR A Then, the teacher may guide

students to summarize these results as the Power Rule:

d
o (x™) = nx"1,

where n is a non-zero integer. Or, equivalently stated, we have

d ) . . : .
x" 1= - (%x”). The interesting part is that this result is not

valid if n = 0, otherwise the right side of the equality results in

the division by zero. Let us also investigate the left side by

1

putting n = 0. It equals x°~1 = % So, the question is: “the

derivative of which function gives i?” From the above

discussion, we know that if a differentiable function satisfies

dy 1 . .
d—z = —, it must not be of the form y = x™, where n is any

integer. We need to think about other possibilities.

The teacher may then motivate the students to investigate the

properties of this sought for function. If such a function

: . . . dy 1
y = g(x) exists, then it must satisfy the equation d—z =-.

According to the Chain Rule, we then obtain
() () =% =1. which implies that = =x. In other
dx/) \dy dx dy

words, if x can also be expressed as a function of y, then the
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derivative of x equals itself! From the observation before, the

function x = f(y) cannot be a polynomial of y with any

degree n, or otherwise, Z—; = f'(y) will be another polynomial

of degree n — 1, which is not equal to f(y). Intuitively, in

., d .
order that the equality d—; = x to hold true, the function

x = f(y) should grow more rapidly than any polynomial. At
this stage, students might start to be curious to look for

something of exponential growth!

2.2 A Limit as the Slope of Tangent

Let us investigate the exponential function to see whether it is
indeed the solution to our problem. Let a be a positive constant
such that a # 1. Students had already learned, in the
Compulsory Part, that the exponential function f(y) = a¥ is
well-defined for all y € Q. The teacher might explain to
students that Q is dense in R, and so this function could,

somehow, be extended to be defined for all y € R.

We aim to find the value of a such that % (a¥) = a?, that is,

f'(y) = f(y). Because if this “idealistic” value was found,
then the function f(y) = a¥ would satisfy the property that its
derivative equals itself, which in turn solves our original

problem.
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Putting y = 0, in particular, we have f'(0) = f(0) = a°® = 1.

By the first principles, let us calculate the limit of

f(W-f(0) _ at-1

- - ash - 0.

h_
If this limit does exist, then }lirr(l) aTl = 1.

In general, assume that y € R, we have

_ y+h_q,y h_
[ot-fo) _ @thoa? oy alo1y
h h h

Taking h — 0, we obtain

a -1

! — AV i
') a}g%

provided that the limit exists.

In other words, we may “localize” the study of the derivative
at y = 0. The solution of the equation f'(y) = f(y) will come

down to the understanding of finding the value of a such that

h
. al-1
lim =1.
h—-0 h

In the process of problem solving, it is beneficial to us if we
can look at the problem in a different perspective. In fact, x and
y are merely dummy variables. We shall also write
f'(x) = f(x) to represent the same relation. What is the
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geometric meaning of f'(0) = f(0) = 1? We may introduce

a rectangular coordinate system to represent the graph.

We know that f'(0) equals the slope of tangent of the curve
y = f(x) at (0,1) . Using the slope-intercept form, the
equation of this tangent line can be expressed as y = x + 1.

3 Exploration of the Exponential Function

3.1 The Graph of the Exponential Function

3.1.1 The Relationof y=a*andy =x+1

One way to illustrate this is to use a Dynamic Geometry
Software (DGS), such as GeoGebra, to demonstrate the
situation. In the figure below, the slide bar controls the value
of a, which is initially set at a = 2. As a varies, the software
can immediately display the behaviour of the graph of y = a*
so that it can be compared with the fixed straight line
y = x + 1. This helps students to visualize the shape of the

function in the investigation.
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As we can see from the
graph, when a = 2, the
graph of y=a*
intersects the straight
line y=x+1 at two
distinct points (0, 1) and

(1,2).

On the other hand, if
we drag the slide bar
to, say, a =4, the
curve y =a* also

intersects the straight

line y=x+1
at two distinct points
0,1) and
(—0.5,0.5).

50
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Combining these two observations, it is natural to guess that
there must be an “idealistic” position between a = 2 and
a =4, at which the curve y = a* and the straight line

y = x + lhas exactly

one point of
intersection. By
adjusting the slide bar

carefully, it could be
found that the sought
for value occurs at
about a = 2.72 , as

shown in the

25

following figure. We
shall call this

1dealistic value e.

3.1.2 The Nature of the Points of Intersection

Let us formulate the above results more rigorously. We know
that in general, for any constant a > 1, the curve y = a* cuts
the straight line y = x + 1 at the point (0,1), and then they
intersect again at another point (¢, a®) for some t € R, except
when a = e, where the curve y = a* and the straight line

y = x + 1 touch each other at exactly one point (0, 1).

In the DGS, it could be observed that the point (¢, at) will
move towards (0,1) when the value of a approaches e .

Intuitively, the point (0, 1) serves as the “bending centre” of
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the curve y = a*, which is concave upward for any a > 0 with
a+1.

The behaviour of the curve, however, changes at a =e.
Intuitively, when 1 < a < e, the rate of increase of the curve
y = a”* is less than 1 at the point (0, 1), and so the other point
of intersection (t,a') is at the right side of the y -axis.
Therefore, we have t > 0. On the contrary, vice versa for the
situation of a > e, we know that the other point of intersection
(t, ab) is at the left side of the y-axis, which implies that t < 0.

These observations can help us establish the relation between
e and t (Nelsen, 2015). Thinking backward, we can consider t
as an independent variable and express a as a function of t. Our
aim is to take t to be really small, so that a can be made very
close to e.

If1<a<e, we have t > 0. At the point of intersection

1
(t,a'), we know thatat =1 +t, and so a = (1 + t)t. Now,

as t approaches 0 indefinitely from above, the value of a can
be taken as close to e as we please from the below. The limiting
case is that the two points of intersections coincide with one
another, and the secant line, with slope 1, becomes the tangent
line at the point (0, 1). That is, the right hand limit exists.

1
tll)rg;r(l +t)t=e.
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Similarly, for a > e, we have t < 0. In this case, we have also

1
a = (1 + t)t. If t approaches 0 indefinitely from below, the

value of a can also be taken as close to e as we please from the

above. Therefore, the left hand limit also exists.
1
lim(1+¢)t=e.
Apd+o)
Summarizing these two results, we have

1
ltl_I)‘I(;l(l +t) =e.

3.2 The Study of the Limit

3.2.1 Expressing e as the Limit of a Sequence

In particular, if we substitute t = % > 0, forn € N, we have
1 1\" .
e>a=1+1t)= (1 + Z) . On the other hand, if we

_ 1
substitute t=n—+11<0, forne€N, thene<a=(1+t)t=

( _L)—(n+1) _ (n+1_1)—(n+1) _ (n_+1)n+1 _ (1 N

n+1 n+1 n

n+1
%) . Hence, we have established the inequality

1 n 1 n+1
(1+—) <e<(1+—>
n n

foralln € N.
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1
Note that when t > 0, the value of a = (1 + t)t increases

. . 1
towards e when t decreases, as shown in the DGS. Since -
decreases towards 0 as n increases, we know that the sequence

1n\" . . . . .
a, = (1 +;) is monotonic increasing. By using similar
arguments, we can also deduce that the sequence

1\t . . )
b, = (1 +;) is monotonic decreasing. As a result, we

have2 =a; <a, < a,;; <e<by,, <b,<b;, =4 forall
n € N. Both of the sequences a,, and b,, are monotonic and
bounded. By the Monotone Convergence Theorem for

sequences, a,, and b,, must also be convergent! Furthermore,

. 1 1 4
since bn—an=(1+z)an—an=;an<;—>0 when

n — oo, by using the Sandwich Theorem, we know that the
limiting values of a,, and b,, ought to coincide at the constant
e. This ultimately explains why the definition of the Euler's

number can be expressed in this peculiar form of

n

1
e = lim <1 +—> .
n—oo n
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3.2.2 Estimating the Value of e

Once the students are convinced by the definition of e, the

teacher may introduce
n
some numerical values by n (1 + l)
n
. 1\"

using a, = (1+7) 10 [ 2.59374246
get a taste for the students. | 100 2.704813829
This sequence, however, | 1000 2.716923932
converges quite slowly as | 10000 2.718145927
n increases. Therefore, it | 100000 2 718268237
would be beneficial to |7 5760 2.718280469
them if a spreadsheet

] 10000000 2.718281694
software, such as Excel, is
used instead of a scientific 100000000 2.718281798
calculator. For instance, 1000000000 2.718282052
by putting n = 10% , for 10000000000 | 2.718282053

k=1,2,3,... and calculating the corresponding value of

n
(1 +%) in the software, one could obtain the following

approximations, as shown in the table below.

Unfortunately, the drawback of this method to estimate e is
that the accumulation error is very large when n exceeds 101°.
It is because the precision of the software or calculator is not
enough to handle values of such a large scale. The first way to
solve this problem is to use a software that support high

precision arithmetic. The second way is to apply the
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2 3
exponential  series ex=1+x+%+%+--- at x=1

(Dorrie, 1956). Nevertheless, the technical details are out of the

scope of this article.

4 Conclusion
Now, we have found the answer to our original problem.

Firstly, as we saw earlier in the previous section, for the

. : . . d
exponential function y = a* to satisfy the equation ﬁ =y, the

only possible value of a is e (Maor, 1994). Secondly, since the

natural logarithm y = Inx is the inverse function of y = e”*,

. . . dy 1
we conclude that y = Inx is a solution to the equation d—z =

Moreover, the growth rate of y = e* is faster than that of x™,
whereas the growth rate of y = In x is slower than that of x™,

foranyn € N.

As a side product of the above investigations, we also discover
the reason why the Euler's number e is chosen as the base of
the natural logarithm. Consider y = a*, then x =log,y =

1 d
%, where a > 0 and a # 1. Consequently, we have £ =

1 d
Jne and hence d—z =ylna = a*Ina. As a result, we would

have a strange constant In a multiplied to a*.
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In order to simplify the calculations of these differentiation
formulas, the most “natural” choice is to take the base a of the
exponential function to be e, so that “trouble maker” Ina
becomes unity. An analogy to this situation is using radian

measure in the trigonometric functions. For example, we can
d . d .
see that the formulas 2p Sin 6 = cos 0 and 25 €OS 0 = —sin6

works well with a nice “symmetric” property, if 8 is in radian.

Nevertheless, if 6 is measured in degree, we would obtain

. d . ° s °
more  complicated  results Esm@ :ECOSH and

a ° - . ° . . . .
—5 €0s 6° = Tao SN 6°, which are not quite convenient in the

computations.

To conclude, the pedagogical approach presented here makes
use of DGS to visualize the property of the graph of the
exponential function a* throughout the investigation. It has the
advantage that students can observe it more directly when they
learn to solve the problem.

Frankly speaking, the rigor of the Mathematics could
sometimes be quite terrifying to students. It is the responsibility
of the teachers to explain these abstract concepts in a more
intuitive way and to allow students to appreciate the beauty of

Mathematics. We sincerely hope that the above mentioned
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teaching activities could benefit students and teachers

struggling in the learning and teaching of Calculus.
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2017-2018 # & :

1. Return of the clean air 2.  Our beloved ones deserve cleaner air

3. The dirty air, the 4. Elimination of dirty air

cleaning home

5. Clean drinking water in 6. Test heavy metal inside our drinking

the Park water

7. Turning river water to 8. Find the clean drinking water in the

clean drinking water wild
9. Saving poor chef 10. Find the perfect mask
11. Saving bloody nose 12. Helping “Hot Dog”
13. Less is more 14. Water tank won’t break the bank

15. Who stole my sticky @ 16. Time reserve
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2018-2019 # & :

1. B for Bench, P for People 2. Elderly Trainer
3. Happy Bird 4. IDD Bus Stop
5. PC Swing 6. Mosquito Terminator
7. “Power Ranger” Exercise, Charge, 8. Reality Map
Share
9. Sharing Electronic Wheelchair 10. Shiny Sun Shelter
11. Smart Lampposts 12. Smart Zebra Crossing
13. The “Food Spreads Caring” App 14. The Smart Bin
15. The “Wun Tsuen Go” Exercise App 16. Wheelchair  Partner —
Anywhere Board
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9. Effective Teaching of Extended Modules ---
Reorganization of Compulsory Part
IP Ka Fai Gavin
Kwun Tong Government Secondary School

gavinip@edb.gov.hk

As a senior form Mathematics teacher since the
implementation of new course structure in 2009, I have been
keeping my close eyes on the trend of development of our
advanced level Mathematics — Extended Module 1 and 2, and

feel regret on their relatively low intakes for the time being.

In my observation, I would summarise the following reasons
briefly for an unsatisfactory number of candidates in taking
Extended Modules in Hong Kong.

Non—elective Status / University Entrance Requirements
Restrictions on intake Requirements for S.4 Selection
Insufficient School Support on Time Allocation of Lessons
Quality / Varieties of Textbooks of the Extended Modules

Suitability of Taster Programme to arouse Students’

A

Interest

6. Parents’ and Alumni’s Influence on Students’ Preference

Some factors are out of our control like the school
management’s decision on intake pre-requisites and number of

lessons assigned, influence of parents and alumni on selection,
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etc. Nevertheless, as professional teachers we can always do
something to change the worsening situation and to make our
teaching and learning more effective from the departmental
point of view. My major concern in this article is about the
possible reorganisation of Mathematics (Senior Form
Compulsory Part) which sounds effective to stimulate the

number of intakes for the time being.

We should be aware that in our Extended Modules Curriculum,
there are certain topics which require the pre—requisite

knowledge covered in the Compulsory Part.

Extended Module 1

@ Logarithmic Transformation --- Logarithmic Definition /

Properties

® Equation of Tangent (Differentiation) --- Equation of
Straight Line

@® Whole Statistical Module --- Advanced Probability and

Statistics

Extended Module 2

& Mathematical Induction --- Factor Theorem

@ Trigonometry --- More About Trigonometric Identities
@® Equation of Tangent (Differentiation) --- Equation of
Straight Line

What is the current scenario, however? This may be most
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frustrated in reality. We can find that the majority (if not all) of
the pre-requisite knowledge of two Extended Modules have to
be taught in their lessons, because the teaching sequence of our
Mathematics curriculum set by the publishers does not match

with the curriculum of Module 1 or 2.

Our teachers thus need to arrange large quantity of after—school
and long-holiday supplementary lessons on the Extended
Modules to cope with this challenge. Nevertheless, it is not rare
that the students’ participation in extra—curricular activities or
private tutorials will obviously affect their rate of attendance,
while their lack of motivation or tiredness would also have

negative impacts on the overall learning efficiency.

By considering the inadequately allocated lessons, such time
wastage should be completely avoidable and it is very
necessary to identify some measures to optimise our efficiency
in lesson conduction. My candid suggestion is collaboration
and determination of our panel members in Reorganization of
Teaching Sequence of our Mathematics (Compulsory Part)

with the main objectives as follows:

v" The pre-requisite knowledge of Extended Modules need
not be taught

v" All pre-requisite knowledge are taught earlier under the
Compulsory Part of Mathematics Curriculum

v" Relieve the long—existing insufficient time of the
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Extended Modules

Optimize the time efficiency teaching Extended Modules
in lessons

Minimize the number of supplementary lessons of the
Extended Modules

Arouse more the students’ interest in learning the
Extended Modules

Allocate more time for both Modules in drilling higher—
order questions

Minimise impact on topic transition of Mathematics
(Compulsory Part)

More collaboration among the colleagues of Mathematics

Department

We could move forward to analyze how the curriculum of

Mathematics may be reorganized for our goal achievement.

After extensive analysis, I have designed the following

teaching sequence which could fulfill all the set targets as

mentioned above:

Suggested Teaching Sequence in Secondary 4 Term 1

1.

Quadratic Equations in One Unknown (I) --- Foundation
in problem—solving about Binomial Theorem of M1 / M2

. Exponential and Logarithmic Functions --- Foundation in
teaching Logarithmic Transformations of M 1

. Equation of Straight Line --- Useful to find Equations of
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Tangents in Differentiation part
--- Can collaborate with colleagues in Physics Department

to teach it in S.3

. Polynomials --- Factor Theorem is useful in Mathematical

Induction of M2
Trigonometry (I) --- Useful in Trigonometric Module of
M2

. Permutation and Combination --- Foundation for the

whole Statistical Part of M 1

Suggested Teaching Sequence in Secondary 4 Term 2

1.

Quadratic Equations in One Unknown (II) ---
Discriminant, Sum / Product of Roots and Complex
Numbers

Functions and Graphs --- Quadratic Functions, Axis of
Symmetry, Optimisation

Probability --- Foundation for Statistical Part of M1
(Addition and Multiplication Laws, Complementary
Events, Conditional Probability, etc.)

Statistics --- Foundation for Statistical Part of M1 (like
Standard Deviation and Variance, concepts of Normal
Distribution, etc.)

Linear and Quadratic Inequalities
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Suggested Teaching Sequence in Secondary 5 Term 1

1.  More about Equations --- Higher Order, Fractional,
Algebraic or Radical Equations

2. Graphs of Function in Transformation --- Useful for
Graph Sketching (Differentiation) of M2

3.  Trigonometry (II) --- Sine and Cosine Formulas, Area
of Triangles, Herons Formula, 3—-Dimensional Solids

4.  Basic Properties of Circles --- All Angular and Chord

Theorems

Suggested Teaching Sequence in Secondary 5 Term 2

1.  Variation
Arithmetic and Geometric Sequences
Locus

Equation of Circles

A

Linear Programming

As a frontline teacher, I understand that any reform would
encounter hesitation and worries among our teaching
colleagues as they have to be responsible to different
stakeholders. I have thus outlined several points drawing your
attention and see whether they are useful to clarify your

concerns:
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The pre-requisite knowledge of both Extended Modules will be
taught as early as possible to facilitate their smooth teaching. The
curriculum of S.4 Mathematics is reconstructed the most to cater
for such changes, but this new teaching sequence is workable and
logically sensible after considering the pre—requisite knowledge of

different topics of Compulsory Part as well.

The workload of each school term above is similar and reasonable.
Under such arrangement, it is expected that no supplementary
lesson has to be arranged and all Secondary 6 lessons could be
allocated for comprehensive review and practices. If the teacher
colleagues prefer to teach slower, some Secondary 5 topics could
be shifted to Secondary 6 Scheme of Work flexibly. It is because
they are not the pre—requisite knowledge of Extended Modules that
they can be taught at any reasonable time in Secondary 5 or 6 to

cater for school individual needs.

An innovative design above is breaking the chain order of
Quadratic units in Secondary 4. Some colleagues may argue
whether it is unfeasible in doing so. In my opinion, however,
putting them together does not mean the students would learn
better. My scheme can in turn provide buffering time for the lower
achievers to grasp the concepts gradually. The Mid—Yearly
Examination would compel student’s revision on techniques in
solving quadratic equations and possession of clearer concepts to

learn Nature of Roots and Graphical Properties in Term 2.
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¥" One crucial factor in implementation is whether your school has
determination to make such a dramatic change. This needs the
consent of Panel members and the successful convince against our
school management. I would ask the fellow colleagues to think
seriously if it is really necessary to stick to the teaching sequence
of textbook publishers and whether the curriculum reorganisation
as suggested can really benefit our students of Extended Modules

in long term.

Why don’t we propose initiatively to the authority for a reform?
The potential adaptation of my designed teaching sequence
with school allocation of more lessons can result in termination
of endless supplementary lessons, which will likely arouse the
students’ interest and help to increase the number of candidates
taking two Extended Modules. Is that what we desire for more

students taking advanced level Mathematics courses?

In the meanwhile, we can extensively analyse the relationship
between our Extended Modules and the STEM Education to
upgrade their level of significance and the students’ interest in
study. Some possible examples include Statistical Models of
Business Decision Making, Modeling for Surveillance of
Infectious Disease, Environmental Protection on Wastage of
Natural Resources, etc. It is highly appreciated if our
colleagues are willing to devote time in its promotion and to

share the valuable resources for more brainstorming.
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New Senior Secondary Academic Structure has been
implementing in Hong Kong over 10 years. It is delighted to
see that our local universities have started to weight the two
Extended Modules more regarding their status of JUPAS
applications, and their level of attractiveness is envisaged to be
increased with more high calibers to choose for the time being.
If we could optimise the lesson time of our Extended Modules
in teaching and learning, I am pretty sure more senior form
students would like to take their courses for maintaining our

competitiveness in the territory.
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What do you expect from e-learning?

o]

understand more
interaction

save time quick responses
effectiveness
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12. When Probability meets STEM
WONG See Yan

Yuen Long Merchants Association Secondary School

Our school joined the captioned “Seed” project since 2016.
Three years have passed and we have tried out seven STEM
activities. In this article, the writer would like to share one of
the recent STEM activities conducted at secondary five classes

in this school year.

Genetics and DNA (More about Probability)

At the beginning of the lesson, the writer told the class a story
about the inheritance. To arouse students’ interests, students
first were attracted by a legacy of $1 000 000 000 000 000 000
000 that will be inherited to a rich man’s children only. They
were then given a checklist on the man’s characteristics, like
“Curly tongue” and “Thumb bending”. They were asked if they
fitted all the characteristics and thus they might be the child of
this rich man. Students were eager to check the characteristics

and compared which one got the most items.

The teacher introduced the meaning of dominant gene and
recessive gene. The teacher then told the students a news
related to a couple of Fujianese carriers of the thalassemia gene.
They gave birth to his son four years ago. His son unfortunately
inherited his severe illness of thalassemia and suffered from

long-term blood transfusion. In order to get the cord blood
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transplant to save the first child, even if only a quarter of a
healthy baby, they still decided to risk a second child. They

were then asked how they could get the probability of i

Using “A4” stood for dominant gene and “a” for recessive gene,
most of them could get the value by either using the tree
diagram and tabulation method they learnt in junior secondary,
or by using the probability rules they learned in the senior

secondary curriculum.

Tabulation method

M4 a
F
A AA |Aa
a Aa |aa

Method of using the multiplication rule in the senior
secondary

1 1
P(healthy baby) =— x -
( y baby) 5 2

N | =

Students were also assigned to complete the 2x2 table for other

combinations.
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There should be 6 combinations.

M4 |4 M|4 |4 M4 |4 M4 |a
F F F F
A |44 |44 A |44 |44 a |Aa |Aa A |44 |Ada
A |44 |44 a Aa |Aa a Aa |Aa a Aa |aa
M|4  |a Mla a
F F
a |Aa |aa a aa |aa
a |Aa |aa a aa |aa

However, some students claimed that they found 9
combinations. After checking, they found out that three of them

were redundant.

M|4 a Mja a Mja a
F F F
A AA |Aa A Aa |Aa A Aa |Aa
A AA |Aa A Aa |Aa a aa |aa
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Student’s work

Would the population with characteristics represented by the
dominant gene increased after several generations, and the
population with characteristics represented by the recessive
gene became zero after hundred years? Hardy, a British
Mathematician in year 1908, showed that this phenomenon
would NOT occur. Hardy with Weinberg, who was a biologist,
published this result in a magazine. This was called the

“Hardy—Weinberg principle”.

The climax was when students were going to verify the
“Hardy—Weinberg principle” by using the multiplication rule in
probability. The activity was divided by two parts: one by using

numerical value, and one by using algebra.

For the numerical value part, we first assumed that in parental

1 1
genotypes, P(44) =5 and P(4a) =§ . Then students found out
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the probabilities of 44 in child’s genotype, Aa in child’s
genotype and aa in child’s genotype.

Student’s script

With the help of the spreadsheet program, students could easily
got the results for different values of P(44) and P(4a).
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1 | Probability of Child's genotype
5| (Pecdleenotpe | Probabity — aa Pid) |Pda) |Pla)
3 |44/44 0.0623 0 0 023 0.25 0.5
4 |44 /4a 0.125 l 0

5 |44/aa 0.25 0

6 |dalda 0.0625

7 |dalaa 0.25 0 ]

8 |aalaa 0.25 0

9

4 Child's genotype probability distribution

11 |P(d4) 0.140625

12 P(4a) 0.46875

13 P(aq) 0390625

14

15 | Condition for stable genotype distribution

16

17

Most students were able to verify, by numerical values, that

\/ P(AA in child' s genotype ) + \/ P(aa in child's genotype ) = 1.

However, was the result true for ALL possible values of P(44)
and P(4a)? Algebra would be the solution to this part.

Assume that in parental genotypes, P(44) = p1, and P(4a) = p».
Then, P(aa) = p3, where p3=1—pi—pa.
Therefore, we only needed to know the values of p1 and p> in

order to perform our calculations.
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Probability of | Probability  of  child’s
such genotype for such
Parental .. .
combination | combination
genotype
of  parental | 44 Aa aa
genotypes
AA | A4 ()? 1 0 0
+ =11 1
Ad[da | PRV TS ~ 0
2p1p2 2 2
—+ =
Ad/aa  |PP TP 1 0
2pip3
1 1 1
Aal A 2 — = —
@rad »2) 4 2 4
+ = 1 1
Aa/ aa paps T pap2 0 — —
2pap3 2 2
aa/ aa (p3)? 0 0 1

According to the above table, the probability distribution of the

child’s genotypes would be as follows.

o 1 1
P(AA in child’s genotype) = p; + 5(2 DD, ) +—p;

_ .2 1 2
=D +p1p2+2p2

1
=l bt

2

:(2171 + D,

2

4
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P(A4a in child’s genotype)

1 1, 1
= 5(2p1p2)+2p1p3 +5p§ +§(2p2p3)

1,
=pp,t 2p1p3 + Epz +D,Ds

_ P AP 2P, 2D, Dy
2

)2} (pz +2pl)+2p3 (pz +2p1)
2

(pz + 2p3)(p2 +2p1)
2

) 1 1
P(aa in child’s genotype) = Z p22 + E(2p3p2 ) + Paz

1, 2
—sz R 2y 2% 2

In what condition would give rise to a stable genotype
distribution?

A stable genotype distribution meant that: the ratio of the
population with characteristics represented by the dominant
gene, to the population with characteristics represented by the
recessive gene, would become constant, i.e. the ratio of the

child’s genotype would be the same as the parental genotype.
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Since P(44 in child’s genotype) and P(aa in child’s genotype)
2 2

were (219‘—;]72] and (2[73—51)2j respectively,  so,

\/ P(AA in child's genotype ) + \/ P(aa in child' s genotype )
would be equal to

JP(44) +[P(aa) = 21’1;”2 " 21’32”’2

_ 2p +2p,+2p;
2

=P+ P, Pps

=1

Therefore,

\/P(AA in child's genotype ) + \/ P(aa in child's genotype ) = 1|.

A very interesting result was that:

Conversely, if \/;1 +\/]73 =1 was true, then by squaring both
sides of the equation,

yZ +2\/p1p3 +p;=1
2ypp; =1-p—p;

2\pp;=p,
4p,py=p;
2
p
J2! (1_p1 _pz):Tz
2
D _p12 — PP, =L
4
pz
2
P=D DD +Tz
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2
pl pl p1 2 2

2
P = (pl + %j , by completing square

2
)2 :(%j and the case for another formula

_ 2173 +p,
’ 2

2
j was similar.
This condition stated that whatever the value of p1 and ps at the
beginning, the second generation of the child’s genotype

became a stable genotype distribution.

This activity was conducted in two Secondary 5 classes with a
diversity in their mathematical abilities. Students could fill in
the table to construct the possible combinations of genotypes.
They could also (although take time) calculate the probabilities
when a concrete numerical value was given. However, some of
them were scared of algebra. They were unable to complete the

squares and factorising by grouping terms.

A questionnaire was conducted after the tryout lesson. 81% of
students agreed that this STEM activity was challenging. Thus,
the writer suggested that teachers who wanted to adopt this
teaching activity might consider trimming some parts of the

activity.
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Teacher spirit in the promotion of STEM was more

important than the project itself

A Ming Pao news on 13th March 2019 reported an
investigation on the stress level of the current HKDSE
candidates. 8.3% of students who joined STEM activities
claimed that they would seek communication with their family
members when dealing with the parental expectations,
compared with 7.2% who did not join any STEM activities.

During this seed project, my students did not join any STEM
competition, nor were they pulling-out for the elite class
activities. Instead, only in-class activities were designed for
both average-ability students and relatively lower achievers.
The writer believed that STEM for all was the best way to

promote STEM education in school.

Vote of Thanks

I would like to express my sincere gratitude to the Curriculum
Development Officers Mr CHAN Sau-tang and Mr Gary LEE
Kin-sum who had offered guidance and supports by giving me
lots of invaluable suggestions and informative resources. I
would also like to express my deep thanks to the two seconded
teachers, Mr Gavin IP Ka-fai and Ms Kitty CHENG Po-chun,
who were also my university classmates, for their passions in

helping me to design and prepare the STEM tasks. Special
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thanks would be also given to my two Principals, Ms IP Wai-
ching and Mr YAU Chi-leung, for providing resources for me
to test different tasks before actual implementation. Last but
not the least, I would like to thank my dear students, S.5M
2016-2017,S.3C2017-2018,S.4C/S.5C 2017-2019, and S.5A
2018-2019, for playing and enjoying the lessons with me!
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14. Exploration and Development of Effective Strategies
for Promoting and Implementing STEM Education in
Secondary Mathematics
CHENG Po Chun, Kitty
Tak Nga Secondary School

Introduction

In the 2015 and 2016 Policy Addresses, the Government
pledged to promote STEM education with a view to nurturing
students’ learning interest, enhancing their creativity,
collaboration and problem solving skills as well as developing

their innovativeness (Education Bureau 2017).

A one-off grant of HK$100,000 was disbursed to each primary
school in the 2015/16 school year, and HK$200,000 to each
secondary school in the 2016/17 school year by the Education
Bureau (EDB) to support school-based STEM education and
activities. In this regard, school heads and teachers began to
think of the strength and needs of the school to promote STEM
education in their curriculum development. To align with the
global trend of implementation of STEM education, my school
joined the “Seed” project which aimed at exploring and
developing effective strategies for promoting and
implementing STEM education in Secondary Mathematics in
the 2017/18 and 2018/19 school years. I was offered this unique

opportunity to be seconded in the Mathematics Education
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Section of Curriculum Development Institute (CDI) of the

Education Bureau in these two school years.

Experiences of 2-year Secondment

During these two years of secondment, problems arose when
devising the examples of STEM learning and teaching
activities from central mathematics curriculum that supported
the development of school-based learning tasks. To solve the
problems encountered, CDI officers and I worked cohesively
with “Seed” schools teachers. I sought advice from peer
Science and Technology teachers and referenced other
resources from books, e-resources and good practices of STEM
activities implemented in other countries as well. Through the
collaboration with the participating schools, numerous
examples of STEM activities were tried out by the experienced
frontline mathematics teachers and followed by evaluations of
the learning and teaching effectiveness with both the teachers
and the students. In this article, I would like to share 2 STEM
examples for S2, of which one of them was implemented by

my school.
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STEM Example 1 - Decode a QR Code Symbol

School
Tak Nga Secondary School

Objective
Apply the knowledge of the binary number system and the
denary number system to decode the messages in a QR code

symbol by hand.

Lead-In
The differences between a QR code and a barcode were
compared. The advantages of a QR code (abbreviated from

Quick Response code) over a barcode were being discussed.

Development
A. Structure of a QR code symbol

1. There were forty versions in the QR code. The larger the

version number, the larger the amount of data could be
stored in the QR code symbol. The smallest version was
version 1, 21 modules by 21 modules in size. Each module
was stored as a binary number (1 and 0). A dark module
was nominally a binary 1 and a light module was

nominally a binary 0.

2. Students were guided to deduce the general term T(n) of

the nth version from the table given below.
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Version Modules
1 21 x21

2 25 x 25

3 29 x 29

4 33 x33
10 57 x 57
25 117 x 117
40 177 x 177

B. XOR Operation

1.

125

The original QR code symbol is laid over each of the masking

pattern. The modules will reverse from light to dark or vice versa

which correspond to dark modules of the masked pattern through the

XOR operation.

Masked Symbol

Masking Pattern

Original Symbol
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2. An example of explaining the XOR operation was cited before
teaching data unmasking. The student wearing the school uniform
or the PE uniform to school was “1”(the dark module). In other
words, the student not wearing the school uniform or the PE
uniform to school was “0”(the light module). The student allowed

to enter the school was “1”” and the student not allowed to enter the

school was “0”

3. The masked module could be worked out by the students as below.

Input (Original | Input (Masking | Output  (Masked
Code) Pattern) Module)

1 1 0

0 0 0

0 1 1

1 0 1
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2.

Data Mask Pattern

A QR code symbol after data
masking was shown below. The
mask pattern could be found at
(8,2), (8, 3), (8, 4) and (20, 8),
(21, 8) and (22, 8) in the QR

code.

127

The data masked pattern was determined from the data mask

pattern reference modules.

Data mask
pattern
reference
modules

Data mask pattern
generation
condition

Data mask pattern

(2)

H B

(i+j)mod2=0

OnLREZpUp

T EEYNEEER =)
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Data mask | Data mask pattern | Data mask pattern
pattern generation
reference condition
modules
0Ol RBHYPS
. N
1
(b) . imod2=0 :
3
+ N
5
0Ol RBHYPS
0
1
(©) ... jmod3=0 b
3
4
5
0Ol RBHYPS
0
1
(d) .-I: (i+j)mod3=0 b
3
4
5

School Mathematics Newsletter - Issue No. 23




129

Data mask | Data mask pattern | Data mask pattern
pattern generation
reference condition
modules
0OnNRpBUYPL
© 1 ((i div 2) + (j div 3))
e
mod 2=0
0 (i) mod 2 + (ij) mod
3=0
((5) mod 2 + (i)
o | Nl

mod 3) mod 2 =10
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Data
pattern
reference
modules

mask

Data mask pattern
generation
condition

Data mask pattern

((0 + /) mod 2 + (i)

oMl i
mod 3) mod 2 =0

D. Data Unmasking

1. Using the exclusive OR operation, the teacher demonstated how
to unmask the Extended Channel Interpretation (ECI) mode and
the character count indicator in the QR code provided. The original
module would change from “1” to ‘0 or vice versa if the mask
was a dark module.

2. 4-bit and 8-bit binary numbers were found according to the order
of placing the data bits in the modules.

3. 8-bit binary number was then converted to a decimal number and

the length of the message in the QR code could be worked out.
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1Ljofr |1
By | I JToloh [©]
L [ [ I [ Jdolo]
| | [ TZh L] o]
r / | | Joloh ]
| | Jolo]i D]
f? Ol o]
B O‘
— li L]0
iy = g? Charact
SEEEREEENG Eo
1 [l :180 ECI mod

Character count indicator tells the length of a message. The number of
characters in the QR code can be found from it.

(1) Write down the 8-bit binary number from the Character count
indicator.

000110002

Change the 8-bit binary number into a decimal number.

00011000: =16 + 8
=24

(i)
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E. Decoding the Data Area

1. The students worked in groups to deduce the message in

the QR code symbol from a byte mode table.
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Block 8-bit Binary Number | Decimal number | Character
1 01101000 104 h
2 01110100 116 t
3 01110100 116 t
4 01110000 112 p
5 00111010 58

6 00101111 47 /
7 00101111 47 /
8 01110111 119 w
9 01110111 119 w
10 01110111 119 w
11 00101110 46

12 01110100 116 t
13 01100001 97 a
14 01101011 107 k
15 01101110 110 n
16 01100111 103 g
17 01100001 97 a
18 00101110 46

19 01100101 101 e
20 01100100 100 d
21 01110101 117 u
22 00101110 46

23 01101000 104 h
24 01101011 107 k
Terminator | 0000 0 NUL
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checked if the decoding message was correct.

134

They scanned the QR code with their iPad provided and

An error correction capability to restore data of the QR

code was introduced if it was damaged or unreadable.

Application

A. Error Correction
1.

2.

3 school badge cutouts of (5 x 5), (6 x 6) and (7 x 7)

modules in size and the QR code symbol of (25 x 25)

modules were given to each group. From the

approximate recovery capacity % of the QR code, the

students calculated the maximum length of the square

school badge in module.

above for vour calculation.)
il
£s b XiopY 3 (,.""?,
bk
s etz STV
R
: : 5]
= AT Hif K00 i
s Sl s o
(5 = 3) modules (6 > 6 modules (7 * Ty modules
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The students chose the size of the school badge embedded
in the QR code. Feasible locations of the badge would be
tested by the iPad and the brief explanation of the structure
of the QR code would be introduced.
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STEM Example 2 — A Self-made Instrument

School
CMA Secondary School

Objective

Make an instrument out of drinking straws and a cardboard
through exploring the length ratios between each note of the C
Major scale where the black keys would not be taken into

consideration.

Lead-In

The teacher showed a self-made instrument and played the
song of ‘Twinkle, Twinkle, Little Star’. The students were
asked to make similar instruments, play their songs and record
them with an iPad. The file would be sent to the teacher through

the software “AirDrop”.

Development

A. An Octave

1. The background information of a mathematician
Pythagoras was introduced. The teacher further explained
why he was also considered to be the “father of harmony.”

2. With the help of a keyboard diagram, the teacher explained
what an octave was. The note C5 is one octave higher than
the note C4, the note C5 is the 8th note counting from the
note C4 to the right, including C4. The notes C4 and C5
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sound “harmonies”.

Assume that the length of the string of the note C4 is a.
The students were asked to find the lengths of the strings
of the notes C3, C5, C6 and C7 from C4 where the length
of the string of the note C4 was 2 times longer than that of
the note C5.
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A Perfect Fifth

The notes C4 and G4 sound “harmonies’ wo. The note G4
is one perfect fifth higher than the note C4, the note G4 is
the 5th note counting from the note C4 to the right,
including C4.

The length ratio of the strings of the notes C4 and G4 is
3:2. Assume that the length of the string of the note C4 is
a. The students were asked to deduce the lengths of the
strings of the notes F3, G4, D5, A5, E6 and B6.
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C. Lengths of the Strings of the Notes D4, E4, A4 and B4

1. Students were asked to copy the answers from the 2 tables

in the above.

2. The length of the string of the note D4 was deduced from
the length of the string of the note D5. Making use of the
length ratio 8:9, the lengths of the strings of the notes E4,
A4 and B4 could be calculated.
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3. The length of the string of the note F4 could be easily
deduced from the length of string of the note F3.

Application
A. Making an Instrument

1. 8 drinking straws, a hard cardboard, a pair of scissors and

a sellotape were given to each group. The length of the
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drinking straw of the note C4 was 14 cm. The lengths of
the drinking straws of notes from D4 to C5 were figured

out in respect of the ratios deduced before.

2. The students cut the n \

drinking straws and
made the self-made
instruments. Some
students tried to
play the instruments

during the lesson.
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