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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
articles written by academics and teachers. The first three
articles are contributed by academics about their insightful
views on Mathematics education. Other articles involve
different areas, including suggestions of effective strategies in
implementing school-based STEM education; learning and
teaching of mathematics on specific topics; strategies to
promote reading to learn in mathematics; story about history
of mathematics and gifted education in mathematics, etc. I
hope all the readers can get some fascinating insights in

mathematics education.

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:

The Editor, School Mathematics Newsletter,
Mathematics Education Section

Curriculum Development Institute
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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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% https://www.edb.gov.hk/tc/curriculum-development/4-key-
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5. Heron’s Formula Revisited
CHAN Sai-hung , LEE Kwok-chu

According to Encyclopaedia Britannica, Heron of Alexandria
(flourished c. AD 62, Alexandria, Egypt), also called Hero, is a
Greek mathematician. The Heron’s formula can be found in his
Book 1 of Metrica. According to the current curriculum,
Heron’s formula is introduced in senior secondary mathematics
curriculum. Generally, students will meet the formula when
they learn trigonometry. However, the proof given in the text is
not the one adopted by Heron. Heron employed various
propositions from Euclid’s Elements to establish his formula.
In this article, we would like to reproduce his original proof and
introduce other proofs, all of which are different from the
existing local textbooks provided. Besides, we would like to

discuss how we used these proofs in learning and teaching.

Before looking into Heron’s proof, we start with some
preparation.

The following is an inscribed circle with radius r and in-centre
I. That is, (i) ID, IE, and IF are perpendicular to AC, AB and
BC respectively, (ii) Al, Bl and CI are the angle bisectors of
/BAC, ZABC, and ZACB respectively.
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Figure 1
In figure 1, AE=AD=w,BE=BF=u,CD=CF=v,BC=
a,AC=b,AB=c,IF=ID =IE =r and semi-perimeter =

1
S=_—(a+b+c
2( )

It can be proved that the area of the triangle = rs. The proof is

not difficult and can be used as an exercise for students. The

area of AABC = L (IExAB+IFxBC+IDXAC)= L (rc +ra+rb)
2 2

1
=_r@atb+c)=rs
2

In fact, "the area of AABC = rs” can be viewed as follows: (see
figure 2)
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Figure 2

Now, let’s look at how Heron proved his formula.

Further, we denote /DAl = ZEAIl = o, ZEBI = ZFBI = g, and
Z/FCIl = ZDCI = y. Then we construct two lines. One passes
through | and is perpendicular to Cl and another line passes

through B and is perpendicular to CB. The former one intersects
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with BC at R. The two lines meet at Q. That is, both ZCIQ and
ZCBQ are 90°. Hence, I, C, Q, B are concyclic. See figure 3.
Note that s = AE + BF + CF.

Therefore, AE=s— (BF + FC)=s-BC=s-a,
CF=s—-(AE+BF)=s—-(AE+EB)=s—AB =s-c¢, and
BF=s-(AE+CF)=s—-(AD+DC)=s-AC=s-h.

A

Figure 3

Next, we are going to show that AAIE~ACQB and derive
a

BR
——  =—— . (See figure 3
s—a FR( 8 )

In ACIB, ZCIB =180° - (B+ ) = 1800—%(1800—20:)
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=90°+« . Hence, ZQIB = a.

As |, C, Q, B are concyclic, ZCQB = 180° — ZCIB = 180° —
(90° + @) = 90° — a. Hence, Z/BCQ = a.

Thus, in AAIE and ACQB, we have ZEAlI = ZBCQ = «, ZAIE
=/CQB=90° - aand
ZAEl = ZCBQ =90°.

Hence, AAIE~ACQB.

Thus, we have BC_BQ
AE El
~a B
s—a r

Also noted that AIFR~AQBR, we have % = %

BQ_ER

r FR

a BC BR
................ )

Therefore, we obtain —— = — =——,
s-a AE FR
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Figure 4

Then we produce CB to P such that AE = BP and show that

CP BF
=——. (See figure 4
FR( gure 4)

BP
CP_LB+BP _ E+1 = EH (by construction, AE =
BP BP BP AE
BP)
BR
= —+1 (by(*
= (by (*))
_BR+FR _BF
FR FR
. s—b
That is, we have = (**)
s-a FR
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In ACIR, as ACFI~AIFR, we have cI_FF:%' Hence,

IF? = FRxCF . Thatis, ' =(S—C)FR. ........ (¥*%)

The final step is to make use of (**) and (***) to derive the

Heron’s formula.

S s—b
From (**) and (***), — ="——
) ) s—-a FR
s _(s—-b)s-c)
- 2

S—a r

sr’* =(s—a)s—b)(s—c)

$’r* =s(s—a)(s—b)(s—c)

sr =+/s(s—a)(s—b)(s—C)

Area of AABC = /S(s—a)(S—b)(s—C). QED

It is noted that various propositions in Euclid’s Elements are
used in the Heron’s proof. For instance, the proposition 22 in
the Book III of the Elements (the sum of the opposite angles of
quadrilaterals in circles equals two right angles) is used. Some
propositions in the Book V of the Elements are also used.
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Euclid’s Elements is introduced in junior form mathematics
curriculum. However, it is found that students would forget
what Euclid’s Elements is about when they study senior form
mathematics. The plausible reason is that we seldom mention
“Euclid’s Elements™ afterward. Instead, students were used to
finding angles or lengths in the rectilinear figures or in the
circles after learning numerous geometric theorems. Teachers
may use this opportunity to remind them geometric theorems

they learnt are from Euclid’s Elements.

Though the proof given by Heron looks a bit complicated
compared with the proofs given in the textbooks, we think that
the original proof provides a good exercise for students to
revise what they learnt. It can be a self-directed learning
assignment. Teachers may split the original proof into different

parts and let their students complete the whole proof.

As a matter of fact, there are other less complicated geometric
proofs. Interested readers may find the proofs in the reference
1 and 2. Teachers may ask their students to read them and
explain how they obtain the formula. For those who are
interested in history of mathematics may find HPM
Newsletters resourceful.(See reference 3) The newsletter does
not only mention the original proof of the Heron formula but
also how the several ancient Chinese mathematicians proved
this formula or its equivalent expression. The ancient Chinese
mathematicians mentioned includes Qin Jiushao(% 4 $z) who
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was born in the Southern Sung Dynasty, Li Shanlan(% £ #)
who was born in the Qing Dynasty and Mei Wending(## < %)
who was also born in the late Ming Dynasty and was grown up

in Qing Dynasty.

Learning and Teaching

Studying the proof is one of ways to enhance our solving
problems techniques. It can be challenging even for smart
students or motivated students. In this part, we would like to
share some ideas how we make use of the original proof to
design an exercise for a self-directed learning material.
Teachers may set guided questions to complete the Heron’s
formula. Here are some suggestions: At the beginning of the
proof, teachers may ask their students to prove that the area of
a triangle equals the product of radius of inscribed circle and
half of the perimeter of the triangle. That is, area of the triangle

is rs. Then students may be asked the following questions:

(i)  Explain why I,C,Q and B are concyclic.
(i1)) Show that AAIE~ACQB and AIFR~AQBR. Hence, prove
a BR

that -
s—-a FR

(iii) Provethat S—a FR |
(iv) Show that ACFI~AIFR. Hence, prove that I’ =(S—C)FR.

(v)  Using the results of (ii),(ii1) and (iv), prove that area of
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AABC =/S(s—a)(s—b)(s—C).

(See Appendix I)

When students complete the worksheet, teachers may facilitate

students to adopt a deep learning strategy to study the proof as

mathematicians do by asking some questions. Certainly,

teachers may ask their students to read the original proof

directly and then ask them questions if lesson time is tight. The

difficulties of the questions vary depending on the capability of

the students. Here are some suggested questions:

@

(i)

(111)

In the Heron’s proof, he produced CB to P and made use

of it to establish —> = ﬂ Is there an alternative way
S—a

to establish the expression without producing CB to P?
Provide another way to rewrite the process in finding
ZQIB and ZBCQ.

If students read the proof directly, teachers may ask if
there is possibility that line 1Q cuts CB at B and why.

After further discussion, students could understand more about

the proof. Their critical thinking skills may be enhanced as

well.
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Reflection

(1)

(i)

(111)

(iv)

(V)

The proof done by Heron contains a lot of topics in
existing mathematics curriculum. It is good for students

to do revision when studying the proof.

As mentioned before, there are other geometric proofs
that are less complicated. Teachers may ask their students

to study them and present the proofs in class.

Apart from geometric proof, existing textbooks provide
other methods. Teachers may ask their students to present
the idea of the proof. If the students have learnt the
trigonometry section in extended module 2, teachers may
discuss the proof using trigonometric identity to prove
the formula. (See Appendix II)

It is also a good exercise for students to prove that the

Qin Jiushao’s formula %\/azcz—(—)2 is

equivalent to Heron’s formula. If needed, teachers may
give some guidelines to their students to complete the
proof. Moreover, we can ask students which one they
prefer and why.

Heron’s formula is one of the popular built-in formulae
in calculators. It is found that students could not recall it

correctly. To help them recite it correctly, we may adopt
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a small further investigation, teachers may introduce
Bramagupta’s formula which states that area of a cyclic
quadrilateral with sides of length a, b, ¢, and d is

\/ (s—a)(s—b)(s—c)(s—d) where the s as the semi-

perimeter of the cyclic quadrilateral. Teachers may ask
their students to compare Bramagupta’s formula and
Heron’s formula and ask them what we could obtain if d
tends to zero. It seems that students learnt something that
is not in the curriculum. However, through the
discussion, students at least realize that there are four
factors (S, s —a, S — b, and s — ¢) under the radical sign
and reduce the possibility that they forget S under the

radical sign.

Reference

1.

2.

3.

Kung, S.H. (1992). Another Elementary Proof of Heron’s
Formula. Mathematics Magazine V65.5, p.337-338.

7 &P (2010) - 7 B & #:# % 2 ;% (Heron’s Formula) o
(& %7 ) 308 91

HPM i %4 5 %z & o
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Appendix I (A sample of the worksheet on derivation of the

Heron’s Formula given by Heron.)

Worksheet

This exercise helps you reproduce the proof of Heron’s
Formula.

First, you draw a triangle ABC and then draw an inscribe
circle such that the inscribe circle touches AB, BC and AC at
E, F and D respectively. Then label the in-centre as I. Denote
BC=a,AC=b,AB=c.

Semi-perimeter = s = %(a+b+c) and the radius of the

inscribed circle = r

Question 1
Show that the area of AABC =rs.

Question 2

Find the segments in your drawing equal to the length of s — a,
S—Db,ands-c.

(Hint: find the lengths of AE, BF, CF, AB, CD, and BE)

Next, we try to add some lines on your drawing. Construct two
lines such that one passes through I and is perpendicular to ClI
and another line passes through B and is perpendicular to CB.
The former one cuts BC at R. Label the intersection of the two
lines as Q.
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Question 3
Explain why I,C,Q and B are concyclic.

Question 4
Show that AAIE~ACQB and AIFR~AQBR. Hence, prove that
a BR

s—a FR’

Then, we add a line along CB by producing CB to P such that
AE=BP.

Question 5

Prove that —> — s-b (Hint: Start with CP _CB+BP and
s-a FR BP BP

note that CP=s. You may use the result in question 4 in the

derivation)

Question 6

Show that ACFI~AIFR. Hence, prove that
r’=(s—c)FR........ (F*%)

Question 7
Using the results of questions 4, 5 and 6, prove that area of

AABC = /S(s—a)(s—b)(s—¢).
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Appendix 11

Refer to figure 2 and denote /DAl =ZEAl = a, ZEBI = ZFBI
= f,and ZFCl = ZDCl=y.

Note that s >a,s>b, s>cC.

r r
tany =—=——

V. S—C

r r
tan f=—=——

u s-b

r r
tanoy = —=——

W Ss-—-a

Note that o+ £ + y = 90°. Thus, a+ f = 90°—y.
Therefore, tan(a + f) = tan(90°—y)
That is,

tang+tan 1
l-tanatan f tany

tana tanf + tan o tan y+tanftany =1
r2 r2 r2
+ + =1
(s—b)s—a) (s—c)s—a) (s—b)s—c)

r’(s—c)+r’(s—b)+r’(s—a)=(s—a)s—b)s—c)
r’[3s—(a+b+c)]|=(s—a)s—b)(s—c)

sr* =(s—a)(s—b)(s—c)
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s’r* =s(s—a)(s—b)(s—c)

sr =4/S(s—a)(s—b)(s—c)

Area of AABC = \/ s(s—a)(s—h)(s—c)
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1989. Retrieved 24 May 2017.
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8. The role of Mathematics in STEM education
TONG Man-ling

Sha Tin Government Secondary School

Introduction

‘What is the use of learning this?” Many students have asked
the same question when the teacher taught them Mathematics.
Like learning basic trigonometry in S2, the teacher asks the
students to use the ratios to find the side or angle of a right-
angled triangle. Many students think that it is so boring and not
useful, just for the purpose of assessment. While when the
teacher asks the students to find the height of the school
building, the students may find that it is interesting and the
knowledge learnt is useful in our daily life. Nowadays, all
schools promote STEM education, making connections across
Science, Technology, Engineering and Mathematics, or at least
two of them. The main aim in implementing STEM education
is to support students learning in the traditional content and
concepts from the subjects to solve unfamiliar problem or even

create some new knowledge and learning outcomes.

Mathematics is vital in STEM education

Students are innately curious in an environment. When the
teacher introduce the context like ‘making a water rocket that
can fly with a longer distance’. The context of ‘water rocket’ is
used to motivate the students, while the design of lessons

involves knowledge of different scopes involved and uses lots
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of mathematics. Mathematics acts as an auxiliary tool during
the learning process of STEM activities, while most of the time
none of new mathematics knowledge is deduced. When you
ask the students what you have learnt after several lessons, the
students may say they have made a water rocket, but will not
mention they have used mathematics during the process. That’s
why most of the teachers think that mathematics is not valued
in STEM education. In my view, a good foundation of
mathematics is vital in implementing STEM education.
Mathematics is mentioned as the underpinning of the other
disciplines of STEM because it serves as a language for
Science, Engineering and Technology. STEM education
learning opportunities provide the context for enhancing the
development of mathematical skills. It is a good time to let our
students to consolidate what they have learnt and appreciate the

uses of mathematics in our surroundings.

From my observation

As a seconded teacher this year, it was a precious time for me
to visit many schools, both primary and secondary, and be an
observer in their STEM education. I have joined many lesson
collaboration meetings, lesson observations and post-lesson
discussion meetings. Many schools didn’t know how to start
implementing STEM education, the school authority just
assigned different subject panels to form a committee,
including many subjects like Physics, Chemistry, Biology,

Science, Mathematics and Computer Literacy and even
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Physical Education, etc, that involved lots of teachers who
didn’t know how to start. In most of the lesson collaboration
meetings, it was not difficult to see that the teachers have many
ideas and the ambition to try. Owing to the activity with cross-
subjects nature, good collaboration between teachers is an
important factor to succeed. The teachers need to design the
lesson plan and worksheets, they should know their students
well to determine what kind of activity will be done. I have
observed a S2 Science lesson, the activity used a small home
swimming pool, about 2.5mX1m. Mixture with water was
poured into it before doing the activity. In order to calculate the
volume of mixture in the pool, the Mathematics teacher has
revised with the students how to calculate the volume of a
cuboid and measure errors before the lesson. When the lesson
proceeded, we found that the students didn’t know how to use
the measuring tape to measure the length of the pool! Two
students just chose any point on the opposite sides of pool and
measured the length of it (Figure 1). Poor measurement made
large errors in calculation. So in designing the lesson, we
should make sure all the parts were well prepared include the
prerequisites of our students, not only the knowledge but also

the skills involved.

_» Measuring tape

Figure 1
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What should be prepared?

I would like to share a good practice after visits. A school forms
a core STEM committee at the beginning of term and decide
which levels and subjects will be developed in this academic
year, for example focusing on S1 Integrated Science, S2
Computer Literacy, etc. The members should have basic
understanding about the curriculum of different subjects. It is
suggested that the activity chosen is related to what the students
have learnt in order to consolidate their knowledge. List out all
prerequisites before conducting the activity and create a
working schedule. Different subjects must have enough input
to the students according to the working schedule, and
remember that the starting point of different classes may be
different, like the S2 students mentioned above who didn’t
know how to do measurement by using measuring tape, some
students needed more help! Teachers may ask if the students
forgot most of the knowledge and skills they have learnt before,
how we start doing the activity since we have to spend lots of
time in retrieving their memories of prerequisite knowledge. To
solve this problem, I suggest that the teacher may ask the
students to revise that part by means of reading a web article or
watching a short video clip on the internet, etc. The students
may revise again and again if they really need to. Ask the
students to finish a simple worksheet in order to know whether
they were well equipped to learn. In fact, it is part of the process
of self-directed learning that will also be used during the

learning process. Decide how many lessons will be used in
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different subjects, the learning sequence must also be
considered since some information used must be learnt from
the other subject first. Designing worksheet is to guide the
learning process. The ideal activity is learner-centred to
provide a chance for students to do their own investigations.
Try to conduct the activity in one class first. Observe the
effectiveness of lesson plan and the learning outcome, refine
the design and try again in another class. A good design could

be used as a level-based activity in the coming academic years.

Mathematics can be used ......

During the learning process, the students should decompose the
problem and make use of mathematics, some examples of
mathematics will be used in different situations like:

» Simple measurements, using formula to find the

dimensions of 2D figures and 3D solids

» Finding errors

» Data analysis

»  Graph-plotting to show the relationship between variables

and predict the trend

» Observe any patterns and make generalisations
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» Make a mathematical model or use of algorithm in

advanced level

Conclusion

STEM education is the worldwide trend. More and more
STEM related careers arise that need its knowledge and skills.
Implementation of the STEM education with the formal
curriculum systematically and effectively is the concern of
educationists and teachers. We have the vision that our students
will be lifelong learners who will learn actively and solve

different kind of problems.
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10. Implementation of STEM Education in Secondary
School
CHENG Po-chun

Tak Nga Secondary School

Introduction

In this era of science and technology globalization, STEM
education that integrates the four interdependent disciplines of
Science, Technology, Engineering, and Mathematics, is one of
the focal points in the ongoing renewal of the school
curriculum. In STEM education, Mathematics serves as a
discipline that equips students with knowledge and skills on
algebra, geometry, data handling and logical reasoning that
facilitate students to integrate and apply knowledge and skills
across disciplines in solving real-life problems with practical
solutions and innovative designs (Curriculum Development
Council, 2017). Stating that mathematics underpins the other
disciplines sets mathematics up in a supporting role in
integrative STEM education contexts. Ideally, mathematics
should be given more standing and be considered as an enabler
or imperative for the advancement of understanding of
concepts in other disciplines (Fitzallen, 2015). Implementation
of STEM education is therefore a new challenge for most
teachers. In practice, Mathematics is one of the core subjects
and is taught in isolation. The majority of time engaged in
teaching and learning mathematics are teacher’s direct

instruction and students’ independent calculations.
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Challenges in Promoting STEM Education

To promote STEM education in school, the design of learning
tasks based on a topic in Mathematics to solve real-life
problems employs relevant topics from science, engineering, or
technology. However, most teachers lack both content and
pedagogy knowledge of other disciplines. On the other hand,
students need to work with each other and actively engage in
the discussion and be equipped with a strong foundation of the
knowledge to facilitate themselves to apply the skills across the

other disciplines.

Support from School to Promote STEM

To respond closely to the ongoing renewal of the school
curriculum and changing needs of parents, students and society,
my school has fully supported the collaboration of
Mathematics, Integrated Science and Computer Literacy to
develop our school-based STEM learning task across the
disciplines in S2. [ was offered the invaluable opportunity to be
seconded in the Mathematics Education Section of Curriculum
Development Institute of the Education Bureau in 2017/18.
On-the-job trainings give me exposure and involvement in two
‘seed’ projects, ‘Exploration and Development of Effective
Strategies for Promoting and Implementing STEM Education
in Secondary Mathematics’ and ‘Exploration and Development
of Effective Self-directed Learning Strategies in Junior
Secondary Mathematics’. In this article, I would like to share

the experience in implementing STEM education in my school,
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which was one of the participating schools.

STEM Education

In the Science Curriculum at Key Stage 3, students should
recognise the need for developing alternative energy sources
(e.g. solar energy, biomass energy, nuclear power, wind power
and hydroelectric power) and calculate the cost of electricity
from the amount of electrical energy consumed in the
Integrated Science lesson. For every unit of electricity the
household consumed, the students could further investigate
how much carbon dioxide was emitted to the air daily in the
Mathematics lesson. The KLA in Science provides the context
for developing hands-on activities to deepen understanding of
conservation of the environment through the calculations of the

rate of carbon emissions daily in the Mathematics lesson.

Integrated Science: Self-made Wind Turbine

The objective of the STEM task in Integrated Science was to
find the number of blades that generated the highest power of
a self-made wind turbine. The students were divided into
groups of four and a video was shown to demonstrate how a 3-
blade of the wind turbine was made from a waste plastic bottle.
Each student would make one of the blades for her group: 3-
blade, 4-blade, 5-blade and 6-blade, and hand them to the
teacher for carrying out the experiment in the next lesson. Good
questioning techniques were important to guide students to

investigate the experimental set-up and they were encouraged
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to draw diagrams of their circuit.

. . ¥
- v

The current and the voltage generated by their self-made wind
turbines with 3 to 6 blades were found. Power was calculated
from the equation, Power (W) = Current (A) x Voltage (V).
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Mathematics: Rate of Carbon Emission

The objectives of the STEM task in Mathematics lesson were
to find the average rate of carbon emissions per unit of
electricity (kg/kWh) and the maximum and minimum average

daily carbon emissions of their household electricity bills.

Lead-In

The students were grouped in the same way as in the Integrated
Science lesson. The lesson started a lead-in task to associate the
findings of the self-made wind turbine to the real-life situation.
The power output collected in the Integrated Science lesson
was used to find the number of 2W smart phones that could be
charged. From the calculation, 96 self-made wind turbines
made in Integrated Science were required to charge a 2W smart
phone. The students thought it was unlikely to happen in real
life. Thus, a 100W micro wind turbine system of Shau Kei Wan
Government Secondary School was introduced to them and
they were asked to calculate the number of 2W phones that

could be charged by the system.
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A'hat are the current and voltage produced by your wind turbine?

A Voltage = ___ 020§

is the power produced by your wind turbine?
0.10% x 0. 20(§
= 0.0)4a649%

100W micro wind turbine system on the roof of the school

building of Shau Kei Wan Government Secondary School
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Find the Average Rate of Carbon Emission Per Unit of
Electricity Sold

From the table below, students were aware that about 70% of
the electricity output was generated by burning coal, natural
gas and oil. Development of sustainable energy could reduce
the carbon intensity in the air. ‘Rate’ in Mathematics was a tool
to help students analyse the data and interpret what the findings

represent.

It was observed that students could find out the rate of carbon
emissions but could not work out the average rate of carbon
emissions per unit of electricity sold in 2016. After the
evaluation of the effectiveness of the STEM tasks, amendments

were made before the tryout lesson of the other class.

The students were asked to explain the statement ‘The rate of
carbon emissions is 2kg/kWh.” in their own words. Their work
was posted on the screen for discussion. The statement was
well explained by most of the groups and they showed
understanding of the concept of ‘Rate’. It was found that the
students could easily derive the answer of 0.54 kg/kWh, the
average rate of carbon emissions per unit of electricity sold in
2016.
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(a) The rate of carbon emissions is 2 kg/kWh. Explain briefly this statement in your own
words

1E8 [ O Xi ¢misions 15 aqiven oul in | Wh.
Y Girtor dioxide ¢migions 15 | kil h

Carbon emissions refer to carbon dioxide emissions. Carbon
dioxide is a type of greenhouse gas that contributes to
climate change. According to the figures of CLP Power Hong
Kong Limited in 2016, 34442x 10 kWh of electricity were
sold. (1 unit of electricity = 1 kWh)

The percentage of electricity consumed by each fuel type and

their carbon emissions are as follows:
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Electricity Amount of Carbon Rate of
: Fuel Output by Electricity Emissions Carbon
Power Stations Type | Generation Sold (% 10°kg) | Emissions
Fuel Type | ( X 10° kWh) (kg/kWh)
CBstE . FOR) o 41% 14121.22 14737 1.04
Power Station
Daya Baydiucleat| yorees 32% 11021.44 0 0
Power Station
Black Point | Natural "
Paver StaEGh Gk 26% 895492 3745 042
Penny’s ~ Bay| qy 0.003% 1.03 12 1.17
Power Station
Guangzhou
Pumped Storage | Hydro 0.997% 343.39 0 0
Power Station
Total 100% 34442 184832

(a) The rate of carbon emissions is 2 kg/kWh. Explain

this statement briefly in your own words.

For 1 kWh of electricity sold/consumed, 2 kg carbon

dioxide emits to the air.

(b) Calculate the rate of carbon emissions in kg/kWh in
the table above. Correct your answer to 2 decimal
places.

(c) What do you notice about the rate of carbon
emissions in kg/kWh of coal and natural gas?

1.0436
0.4182

=2.4955
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~ 2.50

.. The carbon emissions of the electricity generated by
coal is about 2.5 times more than that of natural gas.
(Calculation is not required. Students understand why

natural gas was used to generate electricity as opposed

to coal.)

The complete combustion of the carbon in the bag below would
emit 0.54 kg of carbon dioxide to the air.

2. Assume that carbon emissions by nuclear power and
hydro power are zero, calculate the average rate of
carbon emissions per unit of electricity sold in kg/kWh
in 2016. Correct your answer to 2 decimal places.

The carbon emissions per unit of electricity sold

 (14737+3745+1.2) x10° e
- 34442 % 10° &
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_ 184832
34442

=0.5366 kg / kWh
~0.54 kg / kWh

kg / kWh

Find the Average Daily Carbon Emissions from the Electricity
Bill

The electric bill of the teacher was disclosed to the students.
The average daily electricity consumption was 9 units in March
and 28 units in July in 2016. The maximum and minimum
average daily carbon emissions attributed to his household
were 15.12 kg and 4.86 kg respectively. Two bags of
corresponding weights of carbon consumed in summer and
winter were passed around. The students could experience the
amount of carbon that was burnt to produce electricity for the
daily consumption of the teacher. They were astonished to find
the amount of carbon dioxide that was released into the

atmosphere by each household every day.
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According to the chart of average daily electricity
consumption in your electricity bill of my house,
calculate the maximum and minimum average daily

carbon emissions attributed to your household in past

years.
My electricity bill:
A FEL
JHT R ()
20 11 1 3 5 7 9 11 1 3 5 7 9 11 1 2018 F|HEAH

According to my electricity bill,

The maximum average daily carbon emission
=(28 x 0.54) kg

=15.12 kg
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The minimum average daily carbon emission
=(9 x0.54) kg
=4.86 kg

Collect energy labels of different models of air
conditioners. Investigate the carbon emissions of an 8-
hour operation of the household air conditioners in
summer night by the information on the energy labels of

different air conditioners.

According to the energy label of an air conditioner, the
determination energy consumption is based on 1200
hours/year operation.

Annual energy consumption = 966 kWh
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If an air conditioner operates 8 hours per night in summer,
the carbon emissions for a night

( 966
1200

~3.46 kg

x8x0.5366 )kg

A questionnaire was conducted after the tryout lesson. 89% of
students agreed that they understood more about how the
renewable energy sources help to reduce the amount of carbon

dioxide in the air.

Reflection on ‘Seed’ Project on STEM Education

Close and collegial collaboration with experienced EDB
officers and many other front-line school teachers in designing
school-based STEM tasks and teaching aids, discussing the
expected envisaged misunderstandings and difficulties of the
students before conducting peer lesson observations,
evaluating the effectiveness of the STEM tasks on students’
learning and proposing refinements have all enriched my
subject and pedagogical knowledge in STEM education in

Mathematics.

Personal professional growth was developed by providing
opportunities to expose to printed reference (such as library
books, journals and materials developed by EDB) and e-
resources (such as Desmo, GeoGebra, Plickers, Kahoot and
Scratch).
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Context-based teaching and learning of STEM activities
enhance both the teachers’ and the students’ awareness of the
interconnections among mathematics, science, technology and
the society. Our teachers have gained new teaching experience
through trials in STEM education. To build on this new
experience, the “Seed” project will definitely provide us with
expertise and resources to further develop our capacity in

implementation STEM education in future.

Vote of Thanks

I would like to express my sincere gratitude to my supervisor
Mr CHAN Sau-tang, the Curriculum Development officers, Dr
NG Yui-kin, Mr LEE Kin-sum, HO Yee-hung and Mr CHENG
Sze-man and other officers, who have offered guidance and
supports by giving me lots of invaluable suggestions and
informative resources. I would also like to express my deep
thanks to my school Principal and Vice Principal who have
provided internal and external training courses and arranged
common free periods for Science and Mathematics Panels for
collaboration. Last but not the least, our colleagues who have
devoted much of their precious time in designing and preparing
the STEM tasks. All of these give me useful insight, helping
me brainstorm ideas, formulate plans and discuss the feasibility
of implementing the STEM and Self-directed Learning

activities in schools.
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Through dissemination of materials and sharing of good
practices of other schools, more schools and students will be
benefited as learning and teaching effectiveness will increase

with the implementation of a viable STEM curriculum.
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13. Design Rationale and Implementation of Summer
Gifted Programs for Mathematically Gifted Students
KWAN Cheuk-kuen, Anderson
Associate Member, Centre for Advancement in Inclusive and
Special Education (CAISE), Faculty of Education, The
University of Hong Kong
Oct 2018

andersonkwanck@gmail.com

Introduction

Hong Kong students often obtain sound results in international
mathematics tests and surveys such as the OECD Programme
for International Student Assessment (PISA) (Patton, 2011)
and Trends in International Mathematics and Science Study

(TIMSS) (Leung, 2009) respectively for many years before.

Also, it is always encountered by most math teachers that there
are a few students in their math classes who could often learn
different topics very quickly on their own pace even without
teacher’s teaching and guidance. They could also do all
questions on their own for any chapters especially for some

harder problems even the chapter is newly taught.

Besides, those students would actively and regularly ask for
some challenging questions or searching some harder problems
from other resources. It is a common practice for some math

teachers to find some harder problems for different topics in
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advance or to hold after-school advanced math courses for
them to do or attend. The other common practice is that math
teachers would nominate those students to join advanced math
courses held by outside organizations. Those widely known
organizations include the Hong Kong Academy for Gifted
Education, the Center for the Development of the Gifted and
Talented of Hong Kong University of Science and Technology,
and the Program for Gifted and Talented offered by the Faculty

of Education at Chinese University of Hong Kong, etc.

Besides, the Academy for the Talented of University of Hong
Kong (https://aal.hku.hk/talented/about/membership-system)

will invite academically elite students from nomination of top
ranking students by selected secondary schools in Hong Kong

and overseas.

Over the years, the demands for the gifted programs in Hong
Kong such as talks, courses, courses, etc. have been eventually
raising indeed. Many parents are willing to spend much money

for their children to join gifted programs.

In 2013, the author and an associate professor of Faculty of
Education at the University of Hong Kong jointly published a
paper in Gifted and Talented International (GTI) which is a
journal of the World Council for Gifted and Talented Children
and the main focus of the paper was to mainly see the

implementation of a summer gifted program the author held it
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in 2012 and the analysis from participants’ feedbacks for the
program. Besides, the paper also mentioned the current

development of gifted education in Hong Kong.

In this paper, the author would also discuss the mathematically
gifted education from different perspectives. He would raise
some questions and reflections about mathematically gifted
students first that most mathematics teachers or anyone who
are interested in mathematically gifted education should
concern. Then, he would have literature reviews about
mathematically gifted education in response to the first three
questions/reflections he raised. He would also share his own
experiences of designing and implementing some gifted
programs at HKU for mathematically gifted students in
response to the last two ones. At last, the latest development of
the gifted education in the world would also be mentioned as

well.

It is expected that readers could have a clearer and more
comprehensive picture of mathematically gifted education as
well as get some insights respectively from the paper. It is, of
course, welcome for readers to send their own experiences or
other resources for nurturing mathematically gifted students to

the author for ideas exchange or further discussion.

Before the author starts to raise the questions and reflections

below, let him herewith introduce himself as well as the
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background of the courses for mathematically gifted students
first so that readers may understand more why and how he

would design and implement the courses in that way.

Anderson Cheuk-kuen Kwan is a part-time lecturer and
course designer of the summer gifted programs held by the
Centre for Advancement in Inclusive and Special Education
(CAISE) at Faculty of Education of HKU since 2013. Besides,
he is also one of the founding members of the Special Interest
Group of Gifted Education, Creativity and Talented
Development (SIG-GECD) of CAISE at Faculty of Education
of HKU which was launched in 2012.

Then, CAISE launched summer programs such as seminars,
courses and workshops for primary and secondary gifted
students since 2013 and also started to hold programs for
kindergartens, parents as well as teachers since 2016 so that

more and more people could also benefit from the programs.

For gifted summer courses, they covers a variety of subjects
such as math, IT, business, affective education, languages and
so on and course participants may learn the subject contexts
beyond their normal school curriculum during the courses so
that the course participants would widen their horizons in the
course(s) they enroll. Additionally, the contexts of those
courses not only satisfy course participants’ learning need and

interests, but also give course participants more opportunities
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to raise their communication skills, critical skills as well as
interpersonal skills during participating the course activities.
Much research findings (Neihart, Pfeiffer, & Cross, 2015) also
indicate that gifted students have social and emotional
problems, therefore the captioned skills are very crucial to their
better growth.

The main served groups for those courses would be for gifted
students coming from Hong Kong, Macau as well as mainland
China. If any students would like to enroll the gifted courses,
they may find a nominator who is their school teacher, parents,
etc. to download a form from CAISE’s website and fill out the
form. In the form, a nominator must simply describe why the
students are suitable for the course(s) they enroll with

providing evidences.

In general, the aims of those programs for gifted students are
as follows:

® To enhance course participants’ creativity, higher-order
thinking skills, personal and social skills, and career and

talent development

® To help course participants recognize problems and

explore approaches to their solution

® To help course participants become more autonomous
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learners

® To help course participants appreciate individual

differences and human diversity

(Adapted from the CAISE’s website:

https://caisel.wixsite.com/hku-caise-summer)

Questions or Reflections for Mathematically Gifted

Students raised by the author

1.

Whether may students good at math assessment results of
inside or outside school only be identified as a

mathematically gifted student?

What are the specific learning needs of mathematically
gifted students?

What is the three-tier implementation model in Hong Kong
for gifted students and how it can satisfy different gifted

students’ learning needs?

How are gifted courses designed and implemented for
mathematically gifted students in the courses the author
designs and holds so that the elite students could benefit

from them?

What are the feedbacks for the course participants upon
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completion of the courses? What could we be inspired from
their feedbacks?

In the following, the author would try to answer the captioned

questions or reflections in a comprehensive way.

1. Definition and Characteristics of Gifted Students

In the past, many parents or teachers generally perceived that
students would be identified as gifted if they could only obtain
a high 1Q score after taking 1Q test or demonstrate high

intellectual ability, say higher scores in some school subjects.

However, in the first decade of 21% century, some gifted
authorities in US advocate that it does identify students as
gifted with more comprehensive elements or multiple criteria,
not only counting students’ scores obtained in IQ test (Borland,
2003; Pfeiffer, 2003; Van Tassel-Baska, Feng, & Evans, 2007).
Besides, the Education Bureau of the Hong Kong Special
Administrative Region (HKSAR) also adopted a broad
definition according to the Education Commission Report No.4
(1990).

4.3 MEASURES TO PROVIDE FOR STUDENTS WHO
ARE ACADEMICALLY GIFTED

4.3.1 In this section we consider means to help gifted students

develop their potential more fully.
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1

(a) Definition 4.3.2 Gifted children are those who show
exceptional achievement or potential in one or more

of the followings

(1) ahigh level of measured intelligence;

(i) specific academic aptitude in a subject area;

(i11) creative thinking - high ability to invent novel,

elaborate and numerous ideas;

(iv) superior talent in visual and performing arts such as

painting, drama, dance, music etc;

(v) natural leadership of peers - high ability to move

others to achieve common goals; and

(vi) psychomotor ability - outstanding performance or
ingenuity in athletics, mechanical skills or other

areas requiring gross or fine motor coordination

(Adapted from Education Commission Report No.4 (1990),
p.47)

Besides, the following points are also some of the common

! This definition is based on that used in Marland's report to the Congress

of the United States in 1972 on "Education for the Gifted and Talented".

School Mathematics Newsletter - Issue No. 22



characteristics of gifted students.

® Have excellent memory

® Remember a large amount of vocabularies

® Enjoy solving problem especially numbers

®  Ask probing questions

® Be highly sensitive

® Have longer attention span

® Be strong sense of justice and idealism

® Have high curiosity

® Putideas and things together that not in a traditional way
(Adapted from Webb, Gore, Amend, and DeVries, 2007)
Many educators also advocate that gifted students are not
defined only with high 1Q scores they obtained. Each gifted
student should have his or her own strengths in different

categories such as leadership skills, mathematics, languages,

etc. and they must have higher achievement in the near future
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if their strengths would be nurtured more fully.

2. Characteristics and Learning Needs of Mathematically
Gifted Students

In point 2, the author will just focus on discussing the

characteristics and learning needs of mathematically gifted

students.

Mathematically gifted students can interpret relationships
among different topics, concepts and ideas even without their
teacher’s instruction and guiding given before (Heid, 1983).
Because of those gifted students’ intuitive understanding of
mathematical functions and processes, they may skip over
steps to find out answers but can’t explain how to find out the

answers (Greenes, 1981).

Besides, they would additionally demonstrate some special
features. They could also demonstrate in solving different math
questions in a greater depth and breadth way (Sheffield, 1994).
Mathematically gifted students would always want to know
that “how” and “why” the mathematical ideas come up with
rather than how to compute the respective mathematical
problems only (Sheffield). Therefore, let us see what
mathematically gifted students could exclusively demonstrate

while learning mathematics as follows:
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Highly able mathematics students should demonstrate to

display mathematical thinking and have a keen
awareness for quantitative information in the world

around them.

think logically and symbolically about quantitative,

spatial, and abstract relationships.

perceive, visualize, and generalize numeric and non-

numeric patterns and relationships.

reason analytically, deductively, and inductively.

reverse reasoning processes and switch methods in a

flexible yet systematic manner.

work, communicate, and justify mathematical concepts
in creative and intuitive ways, both verbally and in

writing.

transfer learning to novel situations.

formulate probing mathematical questions that extend
or apply concepts.
persist in their search for solutions to complex, "messy,"

or "ill-defined" tasks.
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organize information and data in a variety of ways and

to disregard irrelevant data.

grasp mathematical concepts and strategies quickly,
with good retention, and to relate mathematical
concepts within and across content areas and real-life

situations.

solve problems with multiple and/or alternative

solutions.

use mathematics with self-assurance.

take risks with mathematical concepts and strategies.

apply a more extensive and in-depth knowledge of a

variety of major mathematical topics.

apply estimation and mental computation strategies.

(Adapted from Sheftield, 1999)

From the above mentioned, we also found that it is quite

fantastic for mathematically gifted students could learn and

solve mathematics problems so brightly.
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Most mathematics teachers would also select some harder
problems from textbooks or other resources to let their
mathematically gifted students get higher sense of satisfactory
of learning mathematics. By the way, how can mathematics
teachers let those mathematically gifted students learn or solve

mathematics problems more fully?

That is why some educators advocate that students, who are
highly gifted in mathematics, need a separate or supplementary
mathematics programme, tailored to their needs and abilities
(Gavin, et. al., 2009; Gavin & Sheftield, 2010).

The implementation modes for gifted education in Hong Kong
would be introduced and discussed in points 3 & 4 below and
how the author implements the gifted courses. It is hoped that
readers would understand more how to nurture mathematically

gifted students more fully and divergently.

3. Implementation of Gifted Education in Hong Kong

The policy on gifted education for schools in Hong Kong
was first recommended by the Education Commission
Report No.4 (1990) and it also suggested guiding principles
for the implementation of gifted education in Hong Kong.
In accordance with the guiding principles, the three-tier

gifted education was adopted in 2000 as shown below.
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a5
Level 3 3E
Olf-school support Exceptionally gifled students
Level 2 2C 2D
School-based pull-out Students with specific talents or Students with outstanding
programmes outstanding results performance in specific domains
Level 1 1A 1B
School-based whole- All students Students with outstanding
class leaching performance in academic

subjects

Curriculum Content
General Specialized

(General Enrichment) (Specific Domain)

Figure 3.1: The Three-tier Implementation of Gifted Education
in Hong Kong

(a) Level 1 refers to using pedagogies that could tap the
potential of students in creativity, critical thinking,
problem solving or leadership in the regular

classroom:;

(b) Level 2 refers to offering pull-out programmes in
disciplinary or interdisciplinary areas for the more

able students within the school setting; and

(c) Level 3 refers to provision of learning opportunities
for the exceptionally gifted students in the form of
specialist training outside the school setting.

(Figure 3.1 and 3-level Descriptions are adapted from EDB’s
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Website: https://www.edb.gov.hk/en/curriculum-

development/major-level-of-edu/gifted/index.html)

About top 2% of qualified students in each school may be

nominated by their school to join the off-school support

programs of level 3.

Therefore, if gifted students are qualified to join the off-school

support programs, school teachers should encourage them to

enroll the programs.

4.

Design and Implementation of Summer Gifted Courses for
Mathematically Gifted Students

Program Framework

The courses held by the author including different topics
such as “Math used in the Workplace”, “Math Wonders”,
“Beautiful Geometry” and so on are specially designed for
mathematically students between 8 and 12 years old who
are studying in Primary 3 to 6 in Hong Kong Government
Subsidy Schools, Direct Subsidy Scheme Schools,
International School. Because of preventing from interest
conflict, the author who is a secondary mathematics teacher
only designs and holds gifted courses for primary
mathematically gifted students.

The design of all courses he designs and holds would
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mainly be based on a model of academically talented youth
(Stanley, 1991).

® situations related to mathematics in context

® aneed to apply knowledge and skills to solve unique

problems

® opportunities to be a creative and critical learner

® experiences to foster appreciation of the beauty and

utility of mathematics

® cexploration of mathematics as it applies to daily life

® opportunities for gifted learners to increase their
understanding of the role of mathematics in the

workplace

Besides, problem-solving tasks, collaborative group work
and in-depth discussions among course participants would
have to be specially emphasized during different learning
activities in all courses so that the course participants’
communication skills, intrapersonal skills, problem
solving skills as well as higher order thinking skills would

be enriched.

School Mathematics Newsletter - Issue No. 22



Conceptually-oriented themes and open-ended exploration
in each session of each course are also deliberately
embedded.

b) Selection of Course Participants

For those who are interested in joining the summer courses,
they may be nominated by their class teacher, subject
teacher, mentor, social worker or parents and then their
nominators must fill out a nomination form to be
downloaded from the center’s website. In the nomination
form, their nominator must simply describe what talents the
applicant equips with. On the other hand, it is also
welcoming to provide some additional information by a
nominator how well the applicant is suitable for taking
course(s) they enroll. At last, the center would consider

case by case what course(s) an applicant would be offered.

Topic Selections for Summer Courses

Before designing summer gifted courses, the author would
also take so many references of local and other countries’
professional organizations for gifted education what
mathematically gifted courses they offer or do not offer.
Besides, the course participants and their parents would be
also asked upon the completion of the courses what courses
they expect that CAISE would hold next year.

In 2008, National Mathematics Advisory Panel proposed
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that three clusters of concepts and skills that included as

follows:

®  Fluency with whole numbers,

® Fluency with fractions, and

® Particular aspects of geometry and measurement.
Wheatley (1983, 1988), Johnson (1994) and Sheffield
(1994) also suggested essential topics for mathematically
gifted elementary students as shown below.

® Arithmetic and algebraic concepts

® Computer programming and robotics

® Estimation and mental math

®  Geometry and measurement

®  Math facts and computation skills

®  Probability and statistics

® Problem solving
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® Ratio, proportion, and percent

®  Spatial visualization

®  Structure and properties of the real number system

In 1994, Sheffield also suggested many topics for

mathematically gifted students and some of the topics are

shown below.

® Fractals and chaos

® The Pythagorean theorem and Pythagorean triples

® Fibonacci numbers

® Finite differences

® Pascal’s triangle

® Figurate numbers
Johnson and others at the Center for Gifted Education at the
College of William and Mary (2004) have developed criteria

for curriculum and resources for mathematically gifted

students as follows:
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® [ecarning Materials must contain a high level of

sophistication of ideas.

® The design of the learning materials have to be very

challenging to the mathematically gifted students.

® The selection of learning materials must contain different
levels, interests and backgrounds and the level of learning

materials should have no upper boundary.

® Higher order thinking skills and problem-solving skills

must be involved in projects.

® [ ecarning materials must have less emphasis on basis
skills.

® Opportunities for student exploration must be based on

students’ interest

Based on the topics and the criteria suggested by different
scholars for mathematically gifted education, the author has

been designing his summer courses in that way.

d) Learning Activities of Each Lesson during Courses
In general, there will be also a main theme for each session
of a course. Each session’s theme must be closely related

to the course. Course participants would not only grasp
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knowledge in the course they seldom learn them in school
normal curriculum, but also appreciate the beauty of the
topic of mathematics. It is expected that the course would
inspire the participants that learning mathematics is more
meaningful to their lives and would motivate some of
them to choose Mathematics as their undergraduate study

in future in university.

Besides, each session of any courses at least involves three
main elements called 3C and 3C stands for “Critical
Thinking Skill”, “Communication Skill” and “Creativity”.
3C would make courses more challenging and interesting
to course participants. Furthermore, the design and
selection of learning tasks would provide several
opportunities for course participants to enrich their higher
order thinking skills.

The design and selection of learning activities during each
session is also to expect that the course participants would
be highly motivated to think about how to solve the
questions first with their prior knowledge. The tutor
expects that the course participants may think about how
and why to solve the mathematical problems in divergent

ways.

Examples of Some Learning Activities during Courses

Below were some learning activities to be conducted
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during the courses over the years. In Figure 4.1, the course
participants would be asked to put off their shoes and then
put their shoes like a shape “L” on the floor. Then, they
would be asked to guess that how many additional shoes
were necessary to put on the floor to form a triangle with
the 2 lanes of shoes. Of course, the course participants
generally felt free to give their answers, by the way, the
main purpose of the activity was to arouse course

participants’ interests in learning the topic first.

In addition, the course participants would be guided by the
tutor that how and why they could find the correct answer
at last. In most learning activities throughout different
courses, the course participants would have to be guided
how to solve the learning tasks creatively and critically on

their own first.
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 Figure 4.1: Course participants
' suggested different approaches to
estimate how many shoes that
were needed to form a right-

angled triangle.

In Figure 4.2, course participants would be asked how to use
geometrical approach to solve some algebraical identities by

using different sizes of paper.

Figure 4.2: Course participants tried to find out algebraic

identities by using geometrical approach.
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In Figure 4.3, course participants tried to find a diagonal of a
cuboid after they learned Pythagoras’ theorem. Even some
course participants had learned the theorem on their own
before, they also could not solve the problem in a short period
of time because they only learned and applied the theorem in a
plane before, but not in a solid instead. Therefore, a same
similar problem would be more challenging if it was applied in

another scenario.

Figure 4.3 A group of course
participants worked together to
find out the length of diagonal of
the cuboid by using Pythagoras’

theorem.

The author learned how to wuse origami for learning
mathematics especially geometry in 2012 from Mr. TAM who
is famous in Hong Kong because origami lets students learn
geometry in a more interesting and effective way. Figure 4.4
was an example that course participants attending a course of
“Math Wonders in Daily Life” tried how to find out some

specific angles by using folding a piece of paper.
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Then, the tutor would also explain why and how they could find
some specific angles with folding a piece of paper. During the
activity, most course participants were very concentrated on the
tasks.

Figure 4.4: A participant
tried to fold a piece of
paper to find some specific

angles the tutor asked.

In a course on “Math Wonder in Daily Life”, course
participants were first guided to learn fractal geometry such as
Sierpinski triangle and perimeter of korch snowflake. Then, all
groups would make a model of Sierpinski tetrahedra shown in
Figure 4.5 to know the three equations for Siepinski tetrahedra

guided by the tutor.

Let N,, be the number of tetrahedra, L,, the length of a side and
A, the fractional volume of tetrahedra after the n™ iteration.
Then, the three equations for Siepinski tetrahedra are as
follows:

N, = 4"

)
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Most course participants were very concentrated on making the
model and never wanted to stop the activity even the lesson had

finished for long time.

L

Figure 4.5: A group of course participants displayed their

completed model with a very high sense of satisfaction.

5. Course Participants’ General Feedbacks obtained upon the

Completion of a Program on “Math in the workplace” in
2012 for Mathematically Gifted Primary Students

Below are 4 tables to list out students’ degree of satisfaction

with the program, which lesson(s) they like most, which
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lesson(s) they like least and students’ suggestions for the

program.
Eg g & ®Z
L= 2 (=3
1. T certainly und d the objectives of this progi 3 0.0% 5.0% 45.0% 50.0%
2. The programme conlenl was casy. 10.0% 45.0% 40.0%  5.0%
3. The programme content was diflicull. 5.0% 45.0% 40.0% 10.0%
4. Contents and activities of this prog were prehensive. 0.0% 5.0% 60.0% 35.0%

5. Exercises and activities in this programme were useful for my learning. 0.0% 10.0% 35.0% 55.0%

6. This programme enabled me to acquire new knowledge. 0.0%  10.0% 20.0%  T70.0%
7. This programme enriched my knowledge about its main theme. 5.0% 5.0% 45.0% 45.0%
8. This programme has raised my interests in its main theme. 50% 5.0% 35.0% 55.0%
9. | perecive this programme to be meaningful. 50% 5.0% 40.0% 50.0%
10. Tutor’s presentation was clear and easy to understand. 0.0% 5.0% 60.0% 30.0%
11, Tutor performed with great enthusiasm 0.0% 0.0% 60.0% 40.0%

12. Twtor provided many opportunities for us to apply in-depth thinking.  0.0% 10.0% 35.0% 55.0%

13. Tutor encouraged us to present our own idcas. 0.0% 50% 50.0% 450%
14. I actively participated in this programme. S5.0% 10.0% 45.08% 40.0%
15. T got along well with other course members. 5.0%  10.0% 40.0% 45.0%
16. I actively participated in all diseussions. 5.0% 5.0% 45.0% 45.0%
17. T am able 1o apply the knowledge I gained to my daily life. 10.0% 0.0% 45.0% 45.0%
18. [ am satisficd with the arrangement of the programme. 5.0% 20.0% 35.0% 40.0%
19. I am satisficd with the location and facilitics. 0.0% 0.0% 55.0% 45.0%
20. In conclusion, T am satisfied overall with his prog 5.0% 5.0% 30.0% 60.0%

Table 1: Students’ degree of satisfaction with the program
(Adapted from Kwan, A.C.K. & Yuen, M, 2013)

Which lesson(s) did you like most, and why?

Lesson 1 Typical comments:

There are many sources of information and formulas.

Guest speaker is able to inspire me to engage in more
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thinking.
[3 students rated this lesson as the best.]

Lesson 3 Typical comments:

I can assemble “Math Cubes”.

The topic on “3 side views” is very interesting.
I love Mathematics and Medicine.
[4 students rated this as the best lesson]

Lesson 4 Typical comments:

Since my Dad is a surveyor, I now have more understanding
about his job

[1 student rated this lesson as the best].

Lesson 5 Typical comments:

I have learned about investment before, and found it very
interesting to learn more.

[2 students rated this as the best lesson]

Lesson 6 Typical comments:

I think the task is very interesting and challenging.

I love learning and applying formula.

It like this session because a big gift is given!

It is because the application of mathematics on that day is
very interesting.

[4 students rated this as the best lesson]

Other comments

Students also expressed their preferences for different

categories of concepts or content. Geometry was most

popular, with statistics rating second.
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Additionally, 2 students reflected that they liked all lessons
because they were able to learn new mathematics knowledge,

and because the course tutor performed well in teaching.

Table 2: Students’ perceptions of the lesson they appreciated
most (Adapted from Kwan, A.C.K. & Yuen, M, 2013)

Which lesson (s) you like least, and why?

Overall Typical comments:

I loved all lessons.

Mr. Kwan performs very well.

Each lesson is very good.

Every lesson is so sound.

Each lesson was very interactive and well taught.

[8 students reflected that there was no lesson they disliked]

Lesson 1 Typical comments:

It is because I need to handle many statistics graphs.
It is boring (4 students)

I do not have much interest in banking.

Lesson 3 Typical comments:

I do not understand much of the material.

Lesson 4 Typical comments:

I did not understand some things and questions (2 students).

It is because the challenging task on that day is very difficult.

Lesson 5 Typical comments:

I found learning of compound interest too difficult to

understand (2 students).
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I found it boring.

No guest speaker (1 student):

It is boring.

Medical treatment facilities

I don’t understand.
Interest (1 student)

Table 3: Students’ perceptions of the lesson they liked least
(Adapted from Kwan, A.C.K. & Yuen, M, 2013)

What are your suggestions for improving this programme?

No comment from 3 students

Sample comments from individuals:

Hope for more guest speakers and each lesson to last one hour.
Shorten duration of each lesson.

Add more gifts (rewards), and each of us also has gifts. (A
view expressed by three students).

The venue should not be too far away. (A view expressed by
several students).

More encouragement to motivate our thinking.

Conduct this programme in summer vacation

Don’t be so boring.

Change the time to 1.5 hour.

May increase number of lessons and duration for each lesson.
Increase duration for each lesson so as to have more
discussion.

Contents of this programme should be made very difficult
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indeed.

Add more elements in this programme.

Longer duration for each lesson.

Table 4: Students’ suggestions for improving this programme
(Adapted from Kwan, A.C.K. & Yuen, M, 2013)

General speaking, most course participants were satisfactory
with the course held by the author in 2013. Then, the author
keeps on designing and conducting the gifted program for
primary mathematically gifted students to enroll after 2013.
Besides, he also takes a reference of the data summarized in the
4 tables as shown above to modify the following courses he
holds. Some course participants have enrolled the author’s
courses for the consecutive three years. The author also thinks
that mathematics teachers could also take a reference of the
data as shown above when they design some learning materials

for their mathematically gifted students.

Updated Development of Gifted Education in the World

In August 2017, the University of Erlangen-Nuremberg signed
a comprehensive contract with the Hamdan Award for
Distinguished Academic Performance concerning the
development and joint establishment of a World Giftedness
Center (WGC) (http://worldgiftednesscenter.org/). The WGC
will open its doors for the first time during the Expo 2020 in
Dubai, United Arab Emirates and will commence operations in

close collaboration with the United Nations Educational,

2019 174



Scientific, and Cultural Organization (UNESCO).

Key outcomes of the project include:
® Initiation of globally-facing campaigns and research

projects

® Establishment of a worldwide mentoring program

® Establishment of regular conferences that bring together

the foremost authorities in gifted education and research

® Establishment of international awards in the field of gifted

education

® (reation of a webinar channel with an expressly global

reach

Hong Kong and other countries’ students, teachers, educators
and parents will benefit a lot in the days to come after the
launch of the World Giftedness Center in Dubai in 2020.

Conclusion

It is expected that the gifted students would actually benefit
from the courses the author held before and they may widen
their horizons in mathematics knowledge, appreciate the
beauties of mathematics as well as perceive learning

mathematics more meaningful to their life upon the completion
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of the courses.

The author expects that readers could understand more about
mathematically gifted students’ learning needs and get some
sights in the paper how to nurture their mathematically gifted

students who could develop their ultimate potentials more fully.

Gifted student may join several gifted programmes such as
courses, seminars and workshops held by local universities and
the Hong Kong Academy for Gifted Education throughout the
year via two main learning modes such as face-to-face and
online learning. Besides, they may also join some online
programmes held by overseas universities such as
GiftedandTalented.com guided by ongoing research at Stanford
University (https://giftedandtalented.com/) and Johns Hopkins
Center for Talented Youth: Gifted and Talented Programs
(https://cty.jhu.edu/) in which they have held the relevant

programmes for many years.

In 2020 onwards, the launch of World Giftedness Center
(WGC) in Dubai will give gifted students coming from
different cities or countries a large variety of new and sound
choices of gifted programmes to enroll via either online

distance learning or face-to-face learning mode.

At the same time, educators, parents and teachers would also

have more chances to share their experiences and obtain
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updated research findings among different people or
organizations throught different conferences held by WGC so
as to have closely collaboration among different cities and
countries to push the sustainable development of gifted

education in the world.

Last but not least, it is very meaningful that the World
Giftedness Center will establish awards in the field of
education. The awards would be possibly for gifted students,
teachers and educators so that their contributions to the gifted

education would be highly and wisely recognized in the world.

It has no doubt that the sustainable development of gifted
education is very crucial to a better development of different
countries including their economy, technology and so on. That
is why that the launch of the World Gifted Center is very

meaningful and important.
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