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Foreword

Welcome to the 27th issue of the School Mathematics
Newsletter (SMN).

The School Mathematics Newsletter (SMN) is for mathematics
teachers. It serves as a channel of communication on
mathematics education in Hong Kong. This issue involves
various articles written by academics, curriculum officers and
teachers in different areas, including suggestions of effective
strategies in learning and teaching of mathematical modelling,
academic insightful views on the beauty of mathematics,
computationally enhanced mathematics education, articles
related to geometry and history of mathematics, mathematical
activities about STEAM Education and data literacy, etc.

In the existing education system, mathematics teachers are faced
with the tremendous challenge of teaching students of very
different abilities, motivations and aspirations. To meet this
challenge, mathematics teachers need to equip themselves with
necessary mathematical skills and teaching strategies to cope
with different teaching situations. We do hope that all readers
will find the content of this issue informative and stimulating.
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The Editorial Board of SMN wishes to express again its
gratitude to all contributors, and also to the fellow colleagues of
the Mathematics Education Section who have made great efforts
in publishing the SMN Issue 27.

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

The Editor, School Mathematics Newsletter,
Mathematics Education Section

Curriculum Development Institute

Room 403, Kowloon Government Offices
405 Nathan Road

Yau Ma Tei, Kowloon

email: math@edb.gov.hk
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[1] 4 01 (2023-04-19) - ¥ Z ¢ #% CCD Apté 'A%
EREFE ML B LR REERET

https.//www.hk01.com/18 & #7 & /889347/p 3+ % if #% CCD 4p

[2] Ang, K. C. (2015). Mathematical modelling in Singapore
schools: A framework for instruction. In N. H. Lee, & K. E. D.
Ng (Eds.), Mathematical modelling: From theory to practice (pp.
57-72). Singapore: World Scientific.

[3] Lo, C. K., Huang, X., & Cheung, K. L. (2022). Toward a
design framework for mathematical modeling activities: An
analysis of official exemplars in Hong Kong mathematics
education. Sustainability, 14, 9757.
https://doi.org/10.3390/su14159757

[4] now #7# (2022-02-10) - & * ?%F;‘D#&E ENEE &3
HdEPEpF L1 ZmD e

https://news.now.com/home/local/player?newsld=466032
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The value of a digital camera depreciates by 20% every year.
The digital camera is currently worth $5000.

Let x be the number of years thereafter and y be the value of the
digital camera.

(@) Write down the model of its value. After that, draw the
graph of the model using GeoGebra.

(b) Use your model to find the value of the digital camera 10
years thereafter.

(c) What assumptions are made in your model?
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[1] Paul Lockhart, A Mathematician’s Lament: How School
Cheats Us Out of Our Most Fascinating and Imaginative
Art Form, Bellevue Literary Press

[2] Robin Hartshorne, Geometry: Euclid and Beyond, Springer
New York, NY
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3. Buffon’s Needle in the Mathematics Classroom

WONG Hang-chi

International Christian Quality Music Secondary and Primary
School

Dr CHEUNG Ka-luen

The Education University of Hong Kong

Introduction: Historical Context

The number 7 ~ 3.14159... has been one of the most famous
constants throughout the history of mathematics. It is well
known, due to the properties of similar shapes, that the
circumference of any circle divided by its diameter is always a
constant, and this value is defined as z. Despite its simple
definition, the mission of searching for its approximate value has
been an endless endeavour for many mathematicians using very
different approaches. In the most recent implementation of the
Mathematics curriculum in Hong Kong, more emphasis was put
in the historical context of the computation of z. For instance,
the Explanatory Notes to Junior Secondary Mathematics
Curriculum (2020) mentioned explicitly that students are
expected to “recognise the Circle Dissection Algorithm of the

School Mathematics Newsletter - Issue No. 27
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ancient Chinese mathematician Liu Hui and further recognise
Huilu and Tsulu (approximations of z)”.

Indeed, the estimation of = was manifested in a quite lot of
contrasting backgrounds and cultures. For example, the
Christian Bible depicted this number implicitly when king
Solomon built the Temple for God, as in 1 Kings 7:23 (NIV):
“He made the Sea of cast metal, circular in shape, measuring ten
cubits from rim to rim and five cubits high. It took a line of thirty
cubits to measure around it.” (Biblica, 2011). This scripture

implies that 7 is approximately equal to % = 3. In ancient

Greek, the mathematician Archimedes found the appropriate
value of = using a similar geometric approach to Liu Hui,
constructing both inscribed and circumscribed polygon to
estimate the area of the circle (Dorrie, 1965). While some
mathematicians tackled the problem using geometric models,
some sought for algebraic solutions. Some well-known results

L ] 1 1 1 1
are the Madhava—Leibniz series 1 — 3 + 5~ 7 + 9~

4
4

: 2-2\4-4\6-6 T
and the Wallis product formula (1 ) 3)(3 ) 5)(5 ) 7) e E
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Surprisingly, z not only appears in geometry and algebra, but is
also involved in an entirely different realm of mathematics,
namely, probability theory. The French naturalist Georges-Louis
Lecler, Comte de Buffon (1707-1788) was one of the pioneers
to estimate the value of z using probability. He posted and
solved the following question:

“If a needle is dropped onto a series of parallel lines, all the same
width apart, what is the likelihood that the needle will cross one
the lines?” (Dorling Kindersley, 2019)
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This problem is currently known as Buffon’s needle experiment.
For the sake of simplicity, let us denote the distance between the
parallel lines as d and the length of the needle as ¢, as shown in
the figure. We need to express the required probability in terms
of d and ¢. In spite of its apparent complexity, Buffon’s needle
problem can be solved using elementary mathematics, as
described in Ddrrie (1965). This article aims to investigate a
series of two problem-solving activities to introduce = to
secondary students through this experiment. In contrast to the
geometric and algebraic approaches, this pedagogical design
facilitates Inquiry Based Learning (IBL), which enables students
to experience the estimation of z= from the perspective of
probability. Recent educational research suggested that IBL
generally involves five phases (Northern, 2019):

e Engage

e Explore

e Explain

e Elaborate
e Evaluate

These phases are also known as the “5 E’s of Inquiry-Based
Learning.” Our first activity, focusing on the Engage and
Explore phases, is suitable for junior secondary (Secondary 1 -
3) or above. Our second activity, involving the Explain,

School Mathematics Newsletter - Issue No. 27



32

Elaborate and Evaluate phases, is designed for students studying
the Extended Parts in the senior secondary.

Investigation Activity 1

This activity adapts a problem-based inquiry approach to
explore Buffon’s needle problem. Students will need a thin rigid
item as the “needle”, such as a toothpick or a hairpin. Since the
shorter the needle, the less likely it will hit the lines, the required
probability clearly depends on the ratio ¢ : d. We suggest that
students ought to begin with simplest case of £ = d. The case of
a “short needle”, where ¢ < d, is perhaps a good extension task
for the more able students in the class. The situation of a long
needle, where ¢ > d, is more complicated and is out of the scope
of this article.

Engage

Students are first engaged with this challenging Buffon’s needle
problem. The teacher may remind students to recall their prior
knowledge, such as the concepts of probability, relative
frequency and expectation. The following questions may be
used to provoke insights for the students:

e How do we calculate probability?
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e What is different between discrete and continuous
random variables?

e What is the connection between theoretical probability
and experimental probability?

e How can expected frequency help to estimate the
solution?

During this phase, students may probably be quite perplexed
because most of the probability questions in the curriculum
involve only discrete probability, which are essentially
combinatorial problems. Nevertheless, this question involves
continuous random variables, which make the calculation much
harder. Somehow, we have to extend our definition of
probability in order to take these into account.

Explore

To explore the problem, students will be guided to throw the
needles repeatedly on the paper and record the number of times
it hits one of the lines, as well as the number of times it lands on
the paper. Students are also suggested to organize the data into
a frequency distribution table, as shown below.
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Number of | Number  of | Tally 2T

throws T intersections | '

10 6 o/ 3.333333333
20 6+7=13 Ht 1l 3.076923077

The teacher may facilitate class discussions through questioning.

Some suggested inquiry prompts could be:

e How can we improve the degree of accuracy of our
estimation?

e How can we organize the data in a systematic manner?
e In what position should we hold the needle in order to
ensure randomness?

e If we have 10 needles, what are the pros and cons of

throwing 10 needles at a time rather than 1 at a time?

For students who finish the task early, the teacher might raise

the following extension questions for greater stretch of their

ability:

. 2T
e If we use a shorter needle, will the expected value of T

increase or decrease?
e |If someone threw the needle 200 times but their
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estimation was not close to the expected value, can we
definitely claim that the needle is biased?

In theory, the relative frequency should tend to become closer
and closer to the theoretical probability when the number of
trials increases. These questions may serve as a good starting
point for the introduction to confidence intervals in Module 1
(Calculus and Statistics), or even hypothesis testing and Laws of
Large Numbers.

Samples of Students’ Performance

This activity was implemented in a class of Year 8 students in a
high school in London. They were asked to work collaboratively
in pairs. One of the students threw the needle, while the other
recorded the data. As they seldom had hands-on practical tasks
in the class, some students were quite excited to hear that they
were going carry out an “experiment” in a mathematics lesson.
Students are given hairpins with length 5 cm and sheets of paper
with parallel lines which are 5 cm apart,and sod =¢=5. They
are suggested to throw the hairpin repeatedly 10 times per round.
Next, they repeated the procedures for a total of at least 20
rounds. The following are some sample scripts of the students.
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Students A and B:

They recorded the data for every 10 trials. At each stage, they
calculated the estimated value of % and then doubled this value.
They counted the numbers verbally. They could see that the

2T
value of T seemed to approach 3 as the number of tosses

increased.

] IJ_LJ__LI;_L

it
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Students C and D:

This pair used tally to assist their organization of data. They also
performed the calculations every 10 tosses. Their first few stages
of calculations showed that their estimates fluctuated around 5
and 4, and then started to stabilize. They did not manage to
complete 20 rounds during the lesson, but after 11 rounds of 10
trials, they had obtained an estimate of = which equals 3.4

approximately.

Students E and F:

This group made extensive use of tally. It is evident that they did
4 rounds of 50 trials to obtain 200 tosses, as shown in their
working out. In contrast to the previous students, they did not
write down the calculations at every stage. Instead, they leave
the final calculation to the very end. This approach did save

School Mathematics Newsletter - Issue No. 27



38

some computation time, but they could not appreciate the

o 2T
limiting process where T tends to a constant when the number

of tosses is increased.

| I S O VO
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Students G and H:

Instead of tallying, they wrote lots of 1s to indicate the numbers
of intersections when they threw the hairpin. It quite difficult for
them to count the outcomes. This reflected that they did not have
much exposure to statistical skills such as collecting and
organising data.
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lewn& G Li L

From these samples, we could see that different students used
slightly different strategies. At the end of this activity, the
students compared their answers with different groups. They

. _— . 2T
noticed that when we throw the hairpin many times, T seemed

to approach a certain value. One might ask what would happen
when the number of trials increases indefinitely. Of course, it is
impossible to throw the needles infinitely many times, but one
may use computer simulations to visualise the situation when a
large number of needles were thrown (Ogden, 2011). The
following simulation used 1000 ‘needles’ to obtain = with a
percentage error of 3.1% . It is much more convincing to see that
with so many needles, the limiting value is not obtained merely
by chance.

School Mathematics Newsletter - Issue No. 27



STICKS DROPPED CROSSING A LINE ESTIMATE OF 7 ERROR

1000 386 3.238342 3.1%

Number of sticks to drop: 100 <

Click on the board! Each time you click, 100
sticks will be dropped and the number that
cross a line will be counted. I dropped 10 to
start you off.

Does the estimate get better as you drop
more sticks (i.e. does the error get smaller)?
How close to 7 can you get after 100,000

sticks, or 1,000,000?

40
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Investigation Activity 2

After the first activity, some students asked, “Why does this
method work? Where does the z come from?” It may be quite
astonishing for most students to see that 7z seems to appear from
the middle of nowhere. After all, the constant z should be closely
related to circles, but there are no circles in this entire problem!

. 2T .
Moreover, students may probably be curious why T will

converge as the number of throws increases indefinitely, and
more importantly, why it would be z? We shall answer these
questions through the second activity, in which students explore
Buffon’s needle problem using continuous random variables.
This task is implemented in a class of Year 13 students in the
same school and their responses will be discussed in the
following sections.

Explain

In this phase, the teacher may explain how we could formulate
the problem mathematically by introducing some suitable
variables in the diagram. When the needle with length £ <d is
dropped on the paper, let ¢ be the acute angle between the needle
and one of the straight lines (produced if necessary), and let s be
the distance from the midpoint of the needle to the closest
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straight line on the paper, as shown in the figure below. In the
degenerate case where ¢ is parallel to (or coincide with) one of
the lines, we define ¢ = 0.

«<—— o —>

Owing to symmetry, we may assume that ¢ and s distribute

. : d
uniformly on the intervals 0° < ¢ < 90° and 0 < s < >

respectively. Given any angle ¢, the needle will intersect its

£sin ¢

closest straight line if 0 <s < 2 but it will not intersect

any of the straight lines if KS%Q <s< d , s shown below.

%Qi/ 40515

£sin g
2

0<s<
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In other words, given that the needle makes an angle of ¢ with a

£sin ¢
2
line, the probability that it will intersect with a line is d
2
_{sing
=—q

When solving such a challenging problem, it is sometimes
beneficial for us if we could modify it slightly to gain some
insights first (Tao, 2006). In our context, what would be a good
way to simplify it? It is likely that students will come up with
the following possibilities:

e Consider special cases, e.g. ¢ = d, fixed number of trials,
etc.

e Fix one of the variables and let the other varies

e Use numerical methods to estimates the actual solution

Let us begin with the first strategy, for instance, by assuming ¢
=d = 1. Students were asked to investigate the behaviour of the
needle for some special angles under this assumption, such as
0°, 30° and 90° . Next, they tried to generalize the results for an
arbitrary angle. Most students noticed that the 90° needle hits a
line with a probability of 1 (certain event). For the 0° needle,
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some students wrongly equated the probability to 0.1 or 0.2 ,
thinking that the needle has thickness. After being reminded that
the needle is modelled as a straight line segment, they realized
that the probability should be 0. A few students were able to
solve the case for the 30° needle. Initially, their conversation was
about Pythagoras Theorem, but when they took a closer look of
their diagram, they noticed that the acute angles are involved,

. . . 1sin 30°
and so trigonometry is required. Hence, we have — 1 =

. 1 . . :
sin 30° = 5 - Similarly, we can deduce that given an angle of ¢,

the required conditional probability is sin ¢ . We are now ready
to move on to the general case, and our next challenge is to tackle
the two independent random variables ¢ and s at the same time.

Elaborate

During this phase, students will apply their new understanding
to tackle the problem. Suppose that £ = d = 1 and 9000 needles
are thrown independently. We may partition the values of ¢ (in
degrees) into, say, 9 class intervals and organise the data in a
frequency distribution table. For each class interval, the

expected number of needles is &900 = 1000, and the expected

number of intersections is approximately equal to 1000 sin x° ,
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where x° is the angle midpoint (class mark) of the class interval.
It is because, as shown in the Explain phase, the conditional
probability that an x° needle will hit one of the lines is sin x°. If
0 < ¢ <10, then an estimate of the number of intersections out
of these 1000 throws is 1000 sin 5° = 87.155 . We can then
complete the rest of the table in a similar way. Here are the

results obtained by student I.

What is a good way to represent these data graphically? As the
problem involves continuous data, a histogram will be a suitable
option. Students can be guided to construct the histogram to
illustrate the above results. Notice here that student | used the
frequency density (i.e. frequency divided by class width) in the
vertical axis of the histogram below, which is a common practice
in the United Kingdom. Students in Hong Kong may prefer
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putting the frequency in the vertical axis, but then have to ensure

that the class widths of all the class intervals are fixed.

What does this histogram look like? Students may probably
notice that the above histogram resembles the sum of the areas
of rectangles under a curve, namely the Riemann sum of the sine
graph. If we work out the limiting histogram of this distribution
as the class widths tend to zero, we can, in theory, calculate the
exact probability in Buffon’s needle problem.

Consider the graph of y = sin x, where x is measured in radians,
as shown in the figure below. The point P(x, y) lies on the curve.
The rectangle, shown shaded on the figure, has height y and
width ox.
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The area under this curve is given by the limit

lim sin X ox

ox — 0 x

IR
o

Using the Fundamental Theorem of Calculus, we know that the
limit can be found by evaluating the antiderivative of sin x, as
shown in the working of student J below.

W CUL

(/caw } O |

The above notation of the limit for the Riemann sum is

commonly used in the United Kingdom. An alternative notation

n

. . 1l . kx . ..
is nI|_r)nOO kgl q sin 5 , Which represents the same definite

integral.
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In this special case where ¢ = d = 1, we can establish a one-to-
one correspondence between all the possible positions of the
needle and the random point P(x, y) by the equations x = ¢ and
y = 2s, where x and y distribute uniformly on the intervals 0 < x

< g and 0 <y <1 respectively.

Y)
1
T y =sinx
:> Sinq) """" d
257 “xP
O ® T
2

In the Explain phase, we saw that the needle will intersect a line

n . . .
ifandonly if0<s< >3  or equivalently 0 <2s <sin g . This

corresponds to the event that a randomly chosen point P(x, y)
falls below the graph of y = sin x, as shown in the shaded area.
The sample space of P is the rectangular region defined by
system of inequalities
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This rectangle, with length g and breadth 1, has an area of g :

Since ¢ and s are also assumed to be uniformly distributed, the
change of variables x = ¢ and y = 2s will preserve the probability

density. Consequently, our sought for probability is 1 out of z :

which equals 2 :
T

In the general case for the short needle, where ¢ < d, we know
that the required probability varies directly as ¢ and inversely as
d. It is because the longer the needle, the more likely it will hit
one of the lines, and the wider the spacing of the lines, the less
likely the needle will do so. Hence, the probability that the short

. . 2¢
needle intersects a line equals d -
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Evaluate

At this stage, students will reflect on their understanding and the
teacher will assess their learning. This can be achieved by verbal
feedback and the written work of the students. Through class
discussions, students can also make sense of what they
discovered in the Explore phase and justify their conjecture.
According to the Law of Large Numbers, it is certain (with a
probability of 1) that the experimental probability will tend to
the theoretical probability when the number of trials increases
indefinitely. In our special case of £ = d, it is expected that 2 out
of = needles will intersect a line, while the corresponding

experimental probability is % . This verifies that ZTT will

indeed converge to x if we repeatedly carry out Buffon’s
experiment many times.

Conclusion

Buffon’s needle experiment is quite an inspiring problem for
pupils to investigate. The above inquiry activities connect the
constant 7 to various topics in the curriculum, including
calculus, probability and statistics. The Senior Secondary
Curriculum and Assessment Guide (2017) suggested that “the
definition of the definite integral as the limit of a sum of the areas
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of rectangles under a curve should be introduced” in Module 1
(Calculus and Statistics), and students are expected to
“recognise the concepts of continuous random variables and
continuous probability distributions”. Furthermore, students
studying Module 2 (Algebra and Calculus) should be able to find
“a definite integral from the definition”.

Our activities facilitate these learning objectives by using
histograms to introduce the Riemann Sum, as well as developing
the relationship between continuous random variables and
definite integrals. Readers may have noticed that the series is
designed to be cross-module, not only breaking the “barrier”
between the two Extended Parts in the Mathematics curriculum,
but also that between pure and applied mathematics. When
organising these activities, pupils must first be equipped with the
relevant prior knowledge. Module 1 students should be
introduced with radian measure of angles and the derivatives of
trigonometric functions, while Module 2 students need to be
familiarised with continuous random variables and probability
density function. Alternatively, teachers of Modules 1 and 2 may
implement this series as joint-class activities in which pupils
work in groups of three or four with at least one member from
each Module.
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A crucial component throughout the activities is IBL, which
enables students to ask their own questions. The teacher can
guide the class discussions during the activities: “What did you
observe? What did you wonder?”” On the other hand, pupils can
explore the problems collaboratively by themselves, and achieve
a higher sense of ownership and responsibility to their learning.

It is observed that students in the United Kingdom are generally
more proactive and talkative. They are more accustomed to a
classroom culture of discussing their findings with their peers.
The mathematics classroom may be filled with conversations
about their ideas and strategies. These give them the advantage
of learning collaboratively and sharing knowledge.
Nevertheless, in order to generate fruitful class discussions, the
learning activities have to be carefully designed at an appropriate
level of difficulty, or otherwise behavioural issues are more
likely to occur. Teachers may, at their discretion, instruct their
pupils to complete the tasks independently, or even change the
mode of the activities to a mixture of group work and individual
work. We hope that this article may shed some light on the
implementation of IBL in the mathematics curriculum, and that
students find it enjoyable to explore the mathematical
knowledge in Buffon’s needle problem. Finally, we would like
to acknowledge the Mathematics Department of Woodford
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County High School, without whom these activities could not be
organised so smoothly.

School Mathematics Newsletter - Issue No. 27



54

References

[1]

[2]

[3]

[4]

[5]

Biblica. (2011). The Holy Bible, New International
Version, NIV. Michigan: Zondervan.

Curriculum Development Council and The Hong Kong
Examination and Assessment  Authority. (2017).
Mathematics:  Curriculum and Assessment Guide
(Secondary 4 - 6). Hong Kong: Education Bureau.

Curriculum Development Institute. (2020). Explanatory
Notes to Junior Secondary Mathematics Curriculum. Hong
Kong: Education Bureau.

Dorling Kindersley. (2019). The Maths Book: Big Ideas
Simply Explained. London: Penguin Random House.

Dorrie, Heinrich. (1965). Trans. David Anin. 100 Great
Problems of Elementary Mathematics: Their History and
Solution. New York: Dover Publications.

School Mathematics Newsletter - Issue No. 27



55

[6] Northern, Sam. (2019). The 5 E’s of Inquiry-Based
Learning. Available online at:

https://knowledgequest.aasl.org/the-5-es-of-inquiry-based-
learning/

[7] Ogden, Thomas. (2011). Pickup Sticks & Pi. Available
online at: https://ogden.eu/pi/ [Accessed 6th April 2023].

[8] Tao, Terence. (2006). Solving Mathematical Problems: A
Personal Perspective. New York: Oxford University Press.

School Mathematics Newsletter - Issue No. 27


https://knowledgequest.aasl.org/the-5-es-of-inquiry-based-learning/
https://knowledgequest.aasl.org/the-5-es-of-inquiry-based-learning/
https://ogden.eu/pi/

56

4.  How mathematics enhances NCS students learning in
the STEAM aspect?

NG Cheuk-yu

CMA Choi Cheung Kok Secondary School

Introduction

Concern for improving STEM education in many nations
continues to grow as demand for STEM skills to meet economic
challenges increasingly becomes acute (English 2016)

Science, Technology, Engineering, the Arts, and Mathematics
(STEAM) education is becoming increasingly important in
today's world. As we move towards a more technology-driven
society, it is essential that students are equipped with the
necessary skills to succeed in STEAM-related fields.

In Hong Kong, there is a growing interest in STEAM education
for better offers from colleges as well as better career paths. One
way to enhance STEAM education is through the use of
mathematics. In this article, we will explore how mathematics
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can enhance non-Chinese speaking students' learning in
STEAM-related aspects in Hong Kong.

The Importance of STEAM Education

Driven by genuine or perceived current and future shortages in
the STEM workforce, many education systems and
policymakers around the globe are preoccupied with advancing
competencies in STEM domains. (English 2016; Marginson et
al. 2013).

STEAM education is critical in preparing students for the
workforce of the future. It is estimated that by 2030, millions of
workers will need to be reskilled due to advancements in
technology. This means that students need to be equipped with
the necessary skills to succeed in a rapidly changing job market.
STEAM education helps students develop critical thinking
skills, problem-solving skills, and creativity, all of which are
essential in STEAM-related fields.

In Hong Kong, the government has recognized the importance
of STEAM education and has taken steps to promote it. The
Education Bureau has launched various initiatives to enhance
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STEAM education in schools, including the introduction of
coding and robotics as part of the curriculum. The Bureau also
provided fruitful online resources in different aspects:
https://stem.edb.hkedcity.net/en/learning-and-teaching-

resources-for-steam-education/. However, there are still various

challenges teachers and non-Chinese speaking students needed
to overcome which will be discussed in the coming.

Challenges Faced by Non-Chinese Speaking Students in
Learning STEAM-related Aspects

Non-Chinese speaking students in Hong Kong face several
challenges in learning STEAM-related aspects. One of the main
challenges is language. Many STEAM-related terms are
technical and may be difficult for non-Chinese speaking students
to understand even if the lesson is conducted in English, as
English is the second language for both teachers and students in
Hong Kong. This can make it challenging for them to follow
lessons and fully master the concepts being taught.

Another challenge is cultural differences. Non-Chinese speaking
students may come from different educational backgrounds, and
some of them may even directly join secondary education
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without attending any local primary school, which may not have
included STEAM-related subjects. This can put them at a
disadvantage compared to local students, who may have been
exposed to STEAM-related subjects in local primary schools.

How Mathematics Can Enhance Non-Chinese Speaking
Students' Learning in STEAM-related Aspects

Mathematics can play a crucial role in enhancing non-Chinese
speaking students' learning in STEAM-related aspects. Here are
some ways in which mathematics can help:

1. Mathematics is a universal language

One of the main advantages of mathematics is that it is a
universal language. Unlike other subjects, such as language or
history, mathematics does not rely on cultural context. This
means that non-Chinese speaking students can use mathematics
to communicate and understand STEAM-related concepts
without the need for translation. We have a cross-curriculum
topic about 3D print cookie cutter making in junior form, some
students may have different cake size concepts, but the use of
accurate dimensions to build up a computer 3D model could help
students think of what size of the cutter they needed.
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2. Mathematics provides a foundation for STEAM-related
subjects

Mathematics is the foundation of many STEAM-related
subjects. For example, in science, mathematics is used to model
and analyse data, while in engineering, mathematics is used to
design and optimise systems. By strengthening their
mathematical skills, non-Chinese speaking students can improve
their understanding of STEAM-related subjects and perform
better in these areas. For example, one of the STEAM
transdisciplinary STEAM activity is to build a wind-powered
trolley to study the relationship between speed and sail area, with
the dotted graph, students can easily chase the optimised area of
sail with regard to a specific kind of car body.

3. Mathematics develops problem-solving skills

Mathematics is a subject that requires critical thinking and
problem-solving skills. By practicing mathematics, non-Chinese
speaking students can develop these skills by solving questions
with different formulas and math models, students have to gather
essential data and turn them into useful answers or information
by some model or mathematics. For example, in engineering,
problem-solving skills are necessary to design and optimise
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systems, while in art, problem-solving skills are necessary to
create aesthetically pleasing designs.

4. Mathematics promotes creativity

Contrary to popular belief, mathematics can be a creative
subject. By exploring patterns and relationships, non-Chinese
speaking students can develop their creativity and apply it to
STEAM-related fields. For example, in art, mathematics can be
used to create geometric structure designs, while in music,
mathematics can be used to understand the structure of sound.
In Engineering the combination of different length ratios of
linkage can create various tracks, such data can also simulate the
tracks in freeware like: https://www.geogebra.org/m/D7jrej72.

Examples of How Mathematics Can Enhance Non-Chinese
Speaking Students' Learning in STEAM-related Aspects

Let's look at some examples of how mathematics can enhance
non-Chinese speaking students' learning in STEAM-related
aspects:
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1. Science

In science, mathematics is used to model and analyse data. For
example, in physics, mathematics is used to describe the
behaviour of objects in motion. Non-Chinese speaking students
who struggle with the language may find it challenging to
understand the concepts being taught in physics. However, by
strengthening their mathematical skills, they can improve their
ability to model and analyse data, which can help them better
understand the concepts being taught. Additionally, non-
Chinese speaking students can use mathematics to develop
investigation skills, which is essential in science. For example,
they can investigate the relationship between a catalyst amount
used and the reaction duration of a chemical reaction by plotting
a curve.

2. Technology

In technology, mathematics is used to design and optimise
systems. For example, in computer science, mathematics is used
to develop algorithms, which are the building API blocks of
computer programs. Non-Chinese speaking students who are not
familiar with computer programming may find it challenging to
understand how algorithms work by using mathematic
functions. For some popular STEAM projects like 10T (Internet
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of Things), the communication program between machines is
based on logic and function calculation, math can help teachers
to explain such concepts with simplified formulas in those logic
blocks.

3. Engineering

In engineering, mathematics is used to build models for testing
or simulation. For example, students can estimate the robot arm
size by entering the target object dimension in a computer-aided
design program for simulation instead of using real material to
build a prototype instead of wasting raw material in building an
early solution. Non-Chinese speaking students who struggle
with the language may find it challenging to understand the
concepts being taught in engineering. However, by
strengthening their mathematical skills, they can improve their
ability to design and build math models, which can help them in
engineering. Additionally, non-Chinese speaking students can
use mathematics to enhance their problem-solving skills, which
is the core idea of the field.
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4. The Arts

In art, mathematics can be used to create aesthetically pleasing
designs by using numerical sorting of colour and geometrical 3D
model building. For example, in architecture, mathematics is
used to design buildings with pleasing proportions and shapes.
Colour hue and contact in digital fine art can be managed by
Pantone colour number non-Chinese speaking students who
struggle with creativity may find it challenging to come up with
interesting designs. However, by exploring patterns and
relationships in mathematics, they can develop their creativity
and apply it to art. Additionally, non-Chinese speaking students
can use mathematics to develop their problem-solving skills,
which are essential in art. For example, they can practice using
geometry and symmetry to create visually appealing designs
from random access to gradient change with processed values in
online apps:

https://www.magicpattern.design/tools/geometric-patterns.

Conclusion

In conclusion, mathematics can play an important role in
enhancing non-Chinese speaking students' learning in STEAM-
related aspects in Hong Kong. By strengthening their
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mathematical skills, non-Chinese speaking students can improve
their understanding of STEAM-related subjects, develop
analysis and problem-solving skills, and promote creativity with
digital fabrication machines. Additionally, mathematics is a
universal language that can transfer information without any
misunderstanding like other languages do. As Hong Kong
continues to emphasize the importance of STEAM education, it
is essential that all students, including non-Chinese speaking
students, reserve those training for better individual career paths
as well as STEAM-related industrial development at city and
national levels.
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[1] %7 & (2016) - (da# STEM kv — % 4LE| L &
fe) 3FL o Bop
http://www.edb.gov.hk/attachment/tc/curriculum-

development/renewal/STEM Education Report Chi 20
170303.pdf

[2] ®i2% (2017) - STEM %5 @ 2 #% ivd= gt K fg
STEM # 5 ende ik o (FR#EFE) »2156-11-

[3] Wells, John G. (2016) . Integrative STEM Education
exemplar: Implementation of the PIRPOSAL model.
Technology and Engineering Teacher, 75(10), 16-23.
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(Introduction to Data Science: Categorical or Quantitative;
Discrete or Continuous data.)
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2EYESAE  F A PRP - L RS ER S RE 2
P o A & #icdy (Categorical data) ¥2 € i #i 45 (Quantitative
data) = & %] {v 3t %7 #ic 5 (Discrete data) £2 i@ § #ic 45
(Continuous data) 4 %]

VEE TEE R S T
FEHG -
W Aras L Tk

Zh A& 11 & (40 A 4)

G

B4 2303w 0 = - » Microsoft Form » 3% Microsoft
Form £ 3 14 4% > R 454

1. Surname 2. class number

3. gender 4. number of siblings

5. wearing glasses or not 6. extent of nearsightedness / farsightedness
7. keeping pets or not 8. number of pets

9. weight 10. color preference

11. zodiac sign 12. lunch fee yesterday

13.  mark of last chapter test 14. height
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FAZLp 73 FREDERIUEEL T Gl4cE B 145
ME 1>~ E 0 4 (Surname) ik B R ¥ BT B o

Se¥ RSP B4 0
_;E.;:,E!"} 2 l‘«l—F\: %Em—lij

The table digitalizing alphabet:

‘;\ .” | I ‘(H‘ .") .l_

BeoH o Epmags 4 B0 — T
FFEpr iy kg 20 s ‘o
g REf RA A L0 L R
| e |

RE P AR H o8 P16 |

(Categorical data)Lf’i’ _E iL’ & Forexample,surn.ameof CHAN

- Since Cs is "03
¥ (Quantitative data) < A .
Ny is "14

5 o

Then the digitalized data you should input is * 03080114

Microsoft Form 7 B 4+ <

(Surname) e iE e & 5 5N

BFF2F231 000 ASHEEE L g0y
Bfs o EEFe 8 4 P diclicdy (Discrete data) £ i i #icdy
(Continuous data) sz 4 » & % = 1 (T A (T Favm o
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‘mﬂus of data collected by our group

1. Average _M!Mgi Eiﬂﬂ? of our class:

'|1m+!*“0*0+ff2+ 2+24p+1 t240 #1410 t2t 14010
2|

Categorical or Quantitative?

®  Quantitative data measuresan amount and can be ordered from smallest to largest.

®  Categorical data specifies qualities and is not subject to the laws of arithmetic — for example, it
is meaningless to take “average” of a list of colors.

Mote: Numbers can sometimes be categorical rather than quantitative.

For each piece of data below, circle whetherit is Categorical or Quantitative data.

1. Hair color Categorical / Quantitative
2. Age Categorical / Quantitative
3. StreetName Categorical / Quantitative
4. Length of tongue Categorical / Quantitative
5. Favorite teacher Categorical / Quantitative
6. Mobile phone number Categorical / Quantitative

S¥ 1 TR A
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Z. BEPE 2 FEF (More about Probability)
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SR

[1] Introduction to Data Science. (2022)
https://bootstrapworld.org/materials/fall2022/en-
us/lessons/ds-intro/index.shtml?pathway=data-science

[2] #:epd o (BF B4f - Ay ) o

https://web.math.sinica.edu.tw/math media/d33/3310.pdf
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® A(X1, y1) ~B(X2, y2) 2 C(xs, y3) % = &)ea gL, H ¢
AB=c,BC=a 2 CA=b-E 4= F A4 % AB 4 BC ¢f
¢ 8.0 £ AABC il <AO # BC 49 % 2 D(Xs,Ya)*
OE 2 OF ~4#_AB 2 BC wmd3z LT 24| o

% & AADB 4r AADC >
BD Areaof AABD  AB-ADsin ZBAD
DC Areaof AADC AC-ADsinZCAD

d > ZBOD =2 x ZBAD % /BOD = 180° - ZAOB = 180°
-2x /ZACB=180°-2C » | » ZBAD=90°-C - I k¥ »

Z/CAD=90°-B -

PriEEEE 2 1) ¢ ;\:f}asa};

BD _ ABsin(90°-C)
DC  ACsin(90°-B)

_ccosC
" bcosB
_sinC-cosC
" sinB-cosB
_sin2C
" sin2B

= BD:DC=sin2C :sin2B

‘flj’l’r LA AN * D:(X4,Y4) > B

" sinC :sinB
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“ - X,SiN2B + X;5in2C _ Y,Sin2B+y,sin2C

4 sin2B+sin2C 2 ° sin2B +sin2C

BC BD+DC sin2C+sin2B

=

5
I

_(BD+DC)sin2C _ asin2C

BD - - =— -
sin2B +sin2C sin2B +sin2C

+ & AAOB 4= ABOD

OD Areaof AOBD BD-OF BD-OBcosZBAC

OA Areaof AOAB AB-OE AB-OBcos~/BCA

114

Since /BOC=2x Z/BAC 2 OB=0C (X /&) - F » 4]

* 5 OW = é._ﬂﬂi%fr » 3\ ﬂaﬂJF

/BOF = ZCOF =%>< ZBOC =ZBAC - *r

OF =0OBcos Z/BOF =0Bcos Z/BAC

ot > ApEL TR

OE =0OBcosZBOE =0OBcos ZBCA - d pt & i

OD BD-OF BD-OBcosZBAC
OA AB-OE AB-OBcos«ZBCA
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_ BDcosA
"~ ccosC
B asin2C cos A
~ (sin2B +5sin2C) ccosC
_a, cos Asin2C

¢ cosC(sin2B+sin2C)
3 2sin Acos Asin 2C
~ 2sinCcosC (sin 2B +sin2C)
_sin2A
" sin2B+sin2C

L AEr P AR F O=(xy) A

‘o X Sin2A+x,(sin2B +sin2C)
sin2A+sin2B +sin2C
X,SiN2B + X48in2C
sin2B +sin2C
sin2A+sin2B +sin2C
_ X% SIN2A+X,8In2B + X;sin 2C

~ sin2A+sin2B +sin2C

xlsin2A+( j(sinZB+sin2C)

_ Y;SiN2A+y,sin2B + y,sin2C
sin2A+sin2B +sin2C
i A

2 o #TrLs = & Ajenith

(x )=(xlsin2A+xzsinZB+xssinZC ylsin2A+yzsinZB+y35in2Cj
' sin2A+sin2B+sin2C ' sin2A+sin2B+sin2C

(1)
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Fe R g s BTV IFRFFadR o fr g £.2 47
e iy ¥ - Bk A ’?”‘{?'“i‘%}?l?ﬁ%“ﬁ—mﬁ
A3ty i ken:

(X12 + 3/12 _X22 _Y22)(Y1_ Y3)_(X12 + y12 _X32 - y32)(y1_ YZ)

X =
2(% =% ) (Y= Y3) = 2(% = %3) (V1= ¥2)
%
(x2+ 2 %2 — 2)x—x —(x2 Z_x,2— 2)x—x
y=2 Vi =X =Y ) (%) -0 Y =% =Y ) (%)

2(% =%, ) (V1= ¥3) = 2(% = %3 ) (Y1~ ¥2) o

EAFEFGEBRAE L E Y T 5 24> 9710 5 X7 1834

i e

i_ 2; ii_:-:i.‘

I

% AABC 78 g8L4 %] & A(Xy, Y1) ° B(X2,¥2), C(X3,y3) e & P=
y) fl* s =45

BP =ccosB

PC =bcosC
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_(bcosC)x, +(ccosB)x;, (bcosC)x, +(ccosB)x,
R bcosC +ccosB a

f1* 2 wehd%AB 2 C A% i EF-FD 2 DE ¢
.. Hd¢ APLEF>BQLDF>CRLDE > % ¢ g8z 2 »
#i#3 CA/IDF,AB//ED,BC//FE -

AB:EED
2

CA=1DF
2

> CABD # T {7
i,%% - g Er )

A= /CAB=~/CDB = ZEDF(T 7w :#3% &)
ZEHF =2 x ZEDF (Flw &3 B3R % &)
d % /EHF=2x Z/EHA » 7]}* /EHA= /EDF=A

#7127 AH=EHcosA=rcosA> 27 r=EH & Flaxjx

School Mathematics Newsletter - Issue No. 27



118

f=#¥% > CH=DHcosC=rcosC
/CHP =180° - /CHE - /EHA=180°-C-A=B

AH COosS A

HP =rcos CcosB= =
HP cosBcosC

4% BP=ccosB 2 CP=bcosC
BC=a=BP+PC=ccosB+bcosC
% P=(m,n) - B

. X, (bcosC)+x,(CcosB)  x,bcosC + x,CcosB
bcosC +CcosB a ;

. y,(bcosC)+y,(CcosB) _ y,bcosC +y,CcosB
bcosC +CcosB a
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F H=(xy) Rl
X + X B
( 2DCOSC + X, oS j(cosA)+xlcosBcosC
X =
cos A+cosBcosC
_ X,acosBcosC + x,bcos AcosC + x,ccos Acos B
acosA+acosBcosC

FhReF iR PEF%%J‘! cos Acos B cosC » 24 i 5

X.a X,b X-C
1 + 2 + 3
x—COSA cosB cosC
a b c
+ +
cosA cosB cosC

% R A_AABC er#h 12 & > RIF5 ¢ 52 €32 >
a _ b _ ¢ _jre s5u

sinA sinB sinC

Xa _ 2X1RsmA=2x1RtanA

cos A cos A )

X,b :2x2Rs|nB:2XthanB

cosB cosB ,

XC _ 2x3RsinC _2xRtanC

cosC cosC ,

Risgt A3 2 A2 h2F3 2R (75

119
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H(x )_(xltanA+x2tanB+x3tanC yltanA+y2tanB+y3tanC)
' tanA+tanB+tanC ' tanA+tanB+tanC

-(2)

K LA ed T BC gk Do 45 4 T 4R EIE

g

DB:DC=c:b

Feflr pormasp=2 gy S ¢
b+c b+c

P o AT R NEE fo F ool e
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AABC p s | B E_& T A% AD~BE fc CF e g 7

TEASB fr C ehie gL iodco d 30 | A e AD o

l—(1-)A+tD=(1-DA+— 2 By © crav teloq]
b+c b+c

SRIER I

Aps Foflr | £ AME BE P2 MRECFF BN
DR AEEFRE T ASBC i o | L

Fod tb#ﬁﬁ%ﬂ:t:ﬂ A1
a+b+c
a b c »
| = A+ B+ C > T§

a+b+c a+b+c a+b+c
A:(le Y1) ’ B:(sz yz) ’ C:(X3, YS) ’

AB=c>BC=a->AC=bpF >

= (x y):(ax1+bx2+cx3 ay1+by2+cy3)
’ a+b+c ' a+b+c @3)

BB EZ A5 ke b 2022 & 2 2023 & end F
%83 (HKDSE) #c# 4 2304 % - % 19 47412 5|2
S 2 kAo A B SREP o Bilde 1 2023 & B 19 414 B K
b s Euqopow
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%P 2 QhdfEan i (50,00 2 (32,t) - H ¥ t>
Oc#RmBizi Oc %R 5- B ®0Q 7 AOPR ¥
R BTG 2 H A wEAOPR vk 2 v o

(@ ™Mt %G 2 H ehd i

(b) % S 5 OP }éh— B¢ #® QS 2 OP- ¢ 4
ZPQS = ZPOQ -

() % /& tansPQS - 3f t=24-
(i) 0-G #Q L7+ a7 AEMEF -

(iii) # AOPQ :rp w3z i |« KAGHR i ff &
AIPQ i ff 21t o

BA O (@) IR Ihe R s R s A AT U A W]
’**\‘\(1)&(2)’1* Fr b o (FY sz
dho B4 238 ) 35 disin(2£0PR) -~ sin(2£POR) -
sm(ZLROP) » R EARZEF AT SR 0 Fl1E KA R IR o 2
R AR Ak KR K hov chZ B P BRAT Y & ehz
EAjehds dffs SR TR 25(Q2) H0 G H el
oo deBl- o UF I S £ 0N T R

tan ZQMN —ﬂ > tan ZMQN zl
126t 7
tanA\/lNQ_lt_8 sl 3k Gy LR
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()

yo\126-t2) \7) \18) _t°-126 » @ {IHALE WL
724‘*‘{‘*
126-t2 7 18

GmX—JfW—,:- 25 ('l‘lr'%}]ﬁﬁi WQ:*U_&‘?’J;};\]%‘J-_;&:_H—J;‘;,

¢
25(12—625tt 5 ) + 32@) + 7(1t8j )
= - - ’HEI
"= 25t t  t =25
724'*"'*
126-t> 7 18
t> -126
G=(x,Yy)=| 25, t o

Bl -
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Y-23G o pHEEohIN 7 REH R

14( —25t 2j+o(tj+50(t)

X= 5ttt =

126-t© 7 18

—25t t t
2t ——— |+0| - |[+0| —
y= (126—t2) (7) (18)2252 ;1
25t t t t
126-t* 7 18

H =(x,y):(14, %} °

.
>
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2 3 (b)(iii) 2RAEP F Henp o LR 4o Bl fr 0 d 3t e S
t=24> #7 Rendfhs 7 o g4 7 ¥ 8 1 OP=50 ~
OR =50 2 PR =60 F]* » % 255(3) i ac 45 5] | enek
Ea

_ (60)(0) + (50)(50) + (50)(14) _20
60+50+50 )

_ (60)(0) +(50)(0) + (50)(48)
- 60 +50 + 50

=15

“t00 | = (20, 15)

BRI R ERANTG EE 5 OEF e 4o 40 L
¥ kP fe 8 %E%éﬁﬁﬁth+%%p~iﬁio

£t = ﬁ_ﬂ;m R R A ,Ilngwfr N A= o) =L o3
* o F G Bfaémﬂz%‘fifﬁ R G &% enficiE e 3
FO RS RF R E ko dpa o ot a5
Fl2HI) = & Slicins B d 2V R 25N de ke R Avi =
£ BRI ES [ E RS A OB EPE R &z
&—_LL a#@’}f EIJ;\;\K‘ a}i\:’fj ﬁ{;ﬁ.%’# o (#Ej_ﬁij\'r ,_Qr»
FAI bl S 5 R e = 435 R ghendk
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*ﬂ,,gf ;; ,L""

]‘:um"’*ﬂo EJ}.'Q =

CAn 2 ATERL 0 3% o 3N

Mu— EEA RN S LAk L&l
ﬁi) 'i 2t E‘ KN ‘fr’i":u Ll —ﬁ('&*?—*’;
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9. HFABESY

CEL
KT hEERT 2

HFARG A B B EF Y Wk
HE B E A > 52 R 502 PowerBl ~ F H4a
frd AR FATHRR R PG BB L F S ? ?xta
B BB 1T et ie SR e B BB i F e
TP - L < B3R iz gk JITmd R iR
Nk e BRI A Sip kR 2 S nEr ey
CELRER-E 4 R S A S A
g A ki LW PERATE R EER o L4 F 3 e
MoF € T AFH G g end e WiFT B
B o 4 j‘t&@*Q#ﬁ‘U}F\ F e E"’z'F“ Lo EF G
ke E R Ik e ULl ok N S ER il R et i Sl A &)
BF B Ak TP 9 D EF HE & Mo ip i R enfl B B
Erm A RBAAER ER - FEDFERNE o
THERAR AT THBEFE ) SR BT
( Carretero, Vuorikari, & Punie (2017) ) ez % > #dp % % 4
ZRARR - d AADFT - H0F o i E dedy > T2 BB
PEOTY RARER R T AEEST P G R R
B paggs poFicd o AR F (Kl 8y 4

Wi
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AR BRI EE L N ARNT LAPRI
1 B4R M iy R FE N AL A S FEN G Y ik F R Y
AT ek foatr ity o T 20 TERE A PR
LEEY e A Ed i A o p R e AR RN R i od

R

AP 5 8 RURUE: S v A Ll A
Wh oAt : B E R 4 2o RaREH T
T »xiE * fedp ¥ AR 1 (data visualisation) ¥ 3tz ¥ (data
storytelling) e :d = j2 fR2L R AL 2 K D fRAPEE - 5 27 4)
BLIRE - X G ERFTAS S s ENP DR
GREE=SURAR LS SRR LAY Sttt ey S URHF G -
PRERGLEAS TR UVIFRELE S AL S

"% & O E AR B X Bcdp @4 o+ fidi (Big Data)
{:}g TEFRFERRATARE (IMFEgEa 42 Pk
?;}i\;&,&f?o ﬁ\;};g«nﬂ;;b, X% = F < F \ﬁq%fpm;,g\g ’
%iﬁxriA{B "V, > % Volume ( +~ %z &) ~Variety ( % &%)
Fv Velocity ( FrpFd) o igut #%2;'&:;# T Hp R
AR HW RS A AEFEDF M NPT G IR
APZEEE- FF 5 AaAIE N KPS
o
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BrLsy o K R THEGR A A
ﬁwm«&%@?%“ﬁim’%ﬁﬁ fyp v R T hRE
B IR /?.Hr.ﬁ_—m L*T]& A % ﬁ;:;y% PN, — dR ?\» vELNT
w@w%@aﬂﬁﬁﬁlﬁﬁ&m%@’mniwi&%ﬁ
Ap BE 12k R e

Bo| ko ZAPRES pEREFORE e RE
Ship 3 B ke B2 AR FRRHFORFR LTS
AHESEFE T EAAEEFE > TR EHE P
L REEE S Sk R R RIEIET T T R
Lol ek, & G Bkek o 1 FRERY E IL%W&%??%E’
BERRLBREKS - ﬁr%s&,ﬁ‘»mwﬁk%gﬁmgzgﬂ,i&gfﬁ
WP PR LR RICAAATEE 7 R R
FloFpAPIEE I RDNAEDERTEE T PFF NS
A EE I AL TMESR MY SR HE L
EB-TRE B p/P'JﬂLfimﬁJ:fﬁ AV AR BB UECT R S/ W

“J

AT U SR P fon BREE 2 ap
3R

&@'@‘{m?“/rﬁ‘&"ﬁfﬁ?‘%?'{;iﬂ'?ﬁﬁﬁ? ngup,'uﬁ““b—’

k%“im&% RAEY LBEG 4or 27 4% %
HHERA L I RE AL AVVEA Sl ) R D

d;w*‘é'ﬁéﬁ%ﬁ%ﬁ%ﬁ E
3 BB EE Y (Machine Learning)

gy, fA1Fna- B3 FETHE e Ffu;wf
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‘_";'JJ , F] é—ﬁlrﬁﬁu v %‘fﬂ; s I_%ﬂ;ﬁ%\ r;Z@:«‘ffiJ fi'viﬂi*"tﬁ
P A e

F-BEFMATFELFOM G TMEAY > BAR
HOR E ePpide T8 N S S E e PR PR B
Ao - EPHEOE L BRI LS BT AGLF AL
SERTAR SLRIE o AR RN P R N R
B &~ u A B.
£ Ciik>Dhw 4 o :

- &EE?F’“wmﬂ(#"ﬁ ) (8) (c) (0)
1000 3 o 5tk R iz LA

o r@ e ‘T’”LFF o AB AC AD BC .. 8D _C.D
feim g > M2t —1=
15 f& - H e & Fin4ot B

AT ABCD

HE

ABC S (ABD S (ACD ) (BCD

B Rk (#KE)

tEAR S AU CAE S TN A A £ ¥ P & (Support
Threshold) i® 5 & :E » 2 %«*frmﬁ A FH A K 4ol AR

400 > 24 3 4 3% 40%
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B I
(A) 386 38.6%
(B) 498 49.8%
(€) 527 52.7%
(D) 603 60.3%

BAFRA Kok 4 s v ir 2 B A M
Moo d B SFnE s FRA ot 20 PP RRA K T B
SR I 6 F > droit S AQHE 250 0 KA 5 & A 25060 i 2| ¥

PE A YA RS R &

B & 2k HE
(A B) 183 18.3%
(A C) 195 19.5%
(A > D) 216 21.6%
(B> C) 237 23.7%
(B > D) 248 24.8%
(C > D) 299 29.9%
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Boaihfd e sy vt pk a3 % > 7 L%
TR E R RS s kT |fFE?_§E—\J. SRR

’?M%\lg-ﬂ_’"/l J\l’/h’ﬁ"\";Jx lﬁ__r.ﬁ;iélbﬁ 01!?)1 ,g 3-_),|J
SR S SR ARREE - AR LA R B

ReiERT o R VAR SR s R o

P(A|C) = %
P(A|C) = ;—23 =0.37
o610 ="T00
P(BIC) ==~ =0.45
P(D|C) = %
P(D|C) = % =0.63

FEOU BRI AT T RS 2 RE R AT
49%F$€L‘\%§g:¢\'1:4°
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FETAEFR MASE KR IRES § ARP S B R
R by T R g & ke R AN I
TiEE AR EY T AGF ,;ngﬁgA/,}A o A
1993 = ¥y £ 8 ?'\Rajesh Agrawal % 3+- £ Apriori /¥ &
% T G o b3t e -HRpEL: k2B EL{CDIE
w23 3{C} {D}+ - = AME sz@i;ﬁu%’“ i
\r{AB}mkﬁf"‘?ﬁﬂ’”Wx?" 7 4 & £ {ABC}
{A,B,D} {A B,C,D}» & 247 % s’é‘%‘z«fﬁ;‘%xfk’?ﬁiﬂ
MRk R Rt T e

AT EE T S FE NRE EE e KT
T A BRSO 3 (T A L (e R I A 45 o

BB | it§ B | ()
Ak A #ic
BoAS 183 203 386
R AT 315 299 614
() 498 502 1000

Bt Fochlicdy Y o A5z IR 386 =L 0 B IR 498 oo At
B3 ptk e
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¥ 10 X 45 A (Support) - ’]}K‘ B A B SR A
FRgygpd? Nt AP S Bt b T (A)dt
¥R 5 0386 (B)iiiFA s 0498 (A B)iit AR L
0.183 o #c® o Nk k& 7

P(A) = 0.386 : P(B) = 0.498 : P(ANnB) = 0.183

2 AMmATY PR E L oL T
% & (Confidence) » 2\ % ¥ 12 & ;ugr£¢ 18 B 2 e ok
AR T A TR ) MpanTE Y o FHE F AT H L )
B i E R AT 2

P(BNA)
P(B|A) =W
P(B|A) =% = 0.47
o BRI B RERF R E Y S ER A E
b > BF o ;\ VLR RS 4T 2
P(ANB)
P(A|B) = P(B)
P(AIB) = oo =0.37

AALEEI R T RREY €7 o
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3 HELI) TF &S AR & B DR o
BEIER B P AR et B SRR 250 AR

Lift(A,B)="(AB) _ PBIA) _ P(AnB)

P(A) P(B)  P(B)P(A)
Lift(A,B)=———2 _ =0.95
0.386x%0.498

F U SEE R T BRI
Lift<0.8 47 AT Bend| LA f Aph o
Lift>12> 27 A e B L E o 4p i o

%08 3 122RF 427 AEB L2 BiEPR -

@@#wwo
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SHORAUR ARG o R E 2 R W T 6
B

23 AEFR
3 7.77%
AN 17.44%
¥ E 3.32%
74k 0.46%
2 AER | TE H ¥
F oo ok 1.38% | 17.8% 1.0
F o> ¥ 0.08% 1.0% 0.3
A o> T ke 0.09% 1.2% 2.6

BoA B TLEEE 74 Sl &

Z
4

e PR R R
TAPRE o PR L R e R AR - D 0 Tl
FPERPRES AR S
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>
~

ST A MRS AR AT R S0k
o WIEEH Y T 4o B EHAEE |13 R
VR FEFE S AN &A AP T4 - K-means (X 32)
%ﬁ%@%ﬁﬁ%%o—%@i%*i&ﬁ%%ﬁ&’ﬁ%

=
4
3
S
%]
o
&
-
o}
?m

FlO@%ﬁmﬁ%’ﬂwtv%Fﬁ
WARE (PR EAL R E L) EA R

ME A T E R x?u?'ﬁ E AN S VR 1 g = E N
ﬁ*‘u%‘“ & 48 i #(Price) ~ 3% 3+ (Design) ~ & {7 (Quality) ~ %
it 1 (Functionality) #% = if |+ (Portability)izu 38 p 12 5 &
T o miE Y P A BIEP Y (Price)foid it 14 (Functionality)

fEL o s}il;}ji;'_ if_ﬁg%'?]z m;:r.,% s i T T A

LS X i # Y i 1
A 2 5
¥4 B 3 5
w1 C 1 4
#48D 1 2
178 E 3 3
WiEF 5 4
14 G 4 3
148 H 4 2
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L4 S X 1 Y
148 | 3 2
g8 2 1

e S RS SUREEE Y Ny

R s A LI
feb hu(A M B)o iy
B 448 5] Ak B P BE (T 5 SR

) =00 — 2% + (1 —y2)? )0 # %
BrA BT S AP - HE o ; e

& A AL 2] B R R T 7T
Aw DERT IR ETE 3 0F )

/‘1’“‘

@

FTELES gi;afg,g;i;mi-m*,uﬂjuﬁ—:
A ES -
wae "~ v~ﬂ'ﬁ’ﬁ&——é’*(‘ . x)
) LB BRI AT B RS
% | REAHE
E -0

RS HIR G 35F )
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B2 ik (S8 BE)

[« 300 TRITT G- BT P B HEAXIBEZ L) 5o
Safr Sa A WA T & B2 &35 ff)

Ax1y1)

E(x5,y5) B(x2, y2)

D(x4, y4) C(x3.y3)
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JEN
¥

= 2 ) A

O+ x5+ x3)s1 + (g + x5+ x4)5; + (03 + x4 + X5)53
B 3(s; + 5, + 53)

_ 1+ y2+y3)s1+ (1 +y3 +ya)s; + (1 +ya + Ys)s3
3(s; + 5, + 53)

FRRANIBE A mE o LRy £ 56 fid B
BE - Fon A AN

R sie(vdsi s B 4z B 2 2 I

3 %2
_ N sex(vsi s m ARz BB R2 r) ]
Y= 3 Zn151

T2 MR A = o K-mean iF & # chics

B %5 PFERALR AR DAL

TSR R chA R Bl R R R F i R
ESRI § ¥ F RN E ST S ) I FER
S Rl ST R i A R R
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[1] A3 (2021)c (#F ‘w2 = " DAl A 35 ¥ ik
Bt R M) SR ARG E o

[2] £ ie® £ 44 (2020) - (WjEsiste + fcdy) &

#L iy a?}‘* »I:gl};\)grk \—f}; I

o

[B] &&©- ~ 1 Ljce (2019) o (3 FRE) o4~ ¢
MEAHY LT EF AP o
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10. LaTeX: 7 = #&F K var ¢h1 &

Viu EEk o

I
w3

MLaTeX | $t- £ 88 X7 k@ 2 'q 2 > S AP st
AEFEEREYPT R - B E oA & F kA

B g TaA- B TRNERLS 1 R %R
T 5 - f88 7 il g3 o LaTeX enw v fad 330 o
A2 M A dote i LaTeX fo >t 8 (T8 s 2 ehic 5 Hok
ORI (VA S T LaTexbt’&Tégf' 1B S

d AR LaTeX

LaTeX - faf> TEX chdtim ks d 2 RT %38 7
F 214 f7 94F (Leslie Lamport) # 20 & % 80 & 4~ B
# oo F oW 4 X AP R * e Microsoft word / Google
document % <~ 3 % % o LaTeX 2 [ #r B Tp i |
(What you see is what you get) » & £_# 7 TRIERF A
SRR A U f’g.dz MR H g E g F o LaTeX 12
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- fa%p 2 HTML mﬁ_‘\ s Bk RJR PR e S R e 5N
#% 7 (Markup language) -

LaTeX &% i (package)

LaTeX e- =~ g4 8 5 % % 5 « 9% i (package) » & 7 &
ARG o REAY - B 22 g g2 rpolynomJ
Ferkfrz FA B SN L h sl 2 Ry - L ¥
function 4- coefficient, number, 2 simFrac % >3 2 ¢ 3

YRy 0 FEEOEFPT AL AR

LaTeX ¥ - B3~ chg i > 728 &% itk Bl pgfplot
B g B g i AN e ifthens £ 4 F v i+ forloop
REFPT RS S hT R R AP RE L RY -
L* LaTeX iz » m v U REHEE X AR F L EE

1 https://zh.wikipedia.org/zh-hk/LaTeX

2 Implementation of Deliberate and Purposeful Practice in Mathematics
Education by LaTeX, P.80

https://gccce2022.ilst.nthu.edu.tw/wp-content/uploads/2022/08/GCCCE-
2022 EFhR < & 0811.pdf
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TR ReF D LR LY hd IR R
O LR KH{V LSRR

7

# % pgfplot 2 forloop % 3+i#%
ARG AR ey AR - AT Aot

FAF - A- XA EN GG LR fE n e
Ak B F Y ?f;;i—lgﬁ,éﬁﬂg B mE AV Y A
éiié TFH%T%E" riﬁz,ﬂJ ° '@‘Bé*:"f ’ -‘? v iE* LaTeX #@lﬁ-
- AFEAER A 4 e T A - B E k]S

1. Factorize 20z + 9z + 1

‘ Solution: 202 + 92 4 1 = (dx + 1)(5z + 1) ‘

2. Factorize 122° — 31z + 20

‘ Solution: 122% — 31r + 20 = (dx — 5)(3x — 4) ‘

3. Factorize 52° + 3z — 2

‘ Solution: 5z® + 3z — 2 = (5z — 2)(z + 1) ‘

4. Factorize 2% — Tz 4 3

‘ Solution: 2z* — Tz +3=(r—3)(2z - 1) ‘
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v bendgp §g v forloop #liFs> d — AR % 0 ko
BPOF OMARINA > g B LA RN Ae o g A KR D
Wi w2 B AL T A BT oabed Er Bk
F R E_¥ ZA7EE o en (ax+b)(ex+d) o -2 #‘rﬁ%ﬁif‘ur& TREP
acx’+ (ad + be)x + bd e w12 > Jgp ¢ e H g £d ¥ %

chr B #E ke

2 ©# Tpgfplot ; ¢ 5 - = pgfmathrandominteger &
function» ¥ M A% - BFEFC - BlcF o APT R
CENEE NI o B I N AR
F el 4o

Line Command
1 \pgfmathrandominteger{\a}{1}{5}
2 \pgfmathrandominteger{\b}{-5}{5}
3 \pgfmathrandominteger{\c}{1}{5}
4 \pgfmathrandominteger{\d}{-5}{5}
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@ "\pgfmathrandominteger{\a}{1}{5} | i& ¢ e& & f]&{fi
1-5 P - BAEHRD K > i \a 2¢ o 2 ok i
R e b & d gD 00 FRARP ﬁkg%é
2x2 +x 2 8 BB E AP AAPRIPAL G R

0

2 gt gt jfthenelse R d =B H R 4ok b & d A
0 /Thé_ 1-10 P ¥ - BaEck -

Line Command
5 \ifthenelse{\b=0}{\pgfmathrandominteger{\b}{1}{10}}{}
6 \ifthenelse{\d=0}{\pgfmathrandominteger{\d}{1}{10}}{}

- PR (ax+b)(cx+d) £¢ AL ¥% abcod &
e B#EF? o ab o c,d &% AT F(relatively prime): s

G APER SRS A

Line Command
7 \GCD{\a}{\b}{\ABGCD}
8 \GCD{\c}{\d}{\CDGCD}
9 \pgfmathtruncatemacro\a{\aAABGCD}
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Line Command
10 \pgfmathtruncatemacro\b{\b/AABGCD}
11 \pgfmathtruncatemacro\c{\cA\CDGCD}
12 \pgfmathtruncatemacro\d{\d\CDGCD}

% ¢ 7 \GCD #_% # Tcalculator; ¥ & function» 1 1{
APy I EF P okt o FlEc o

TS P F 1 (TR A ’,T&Lfig“f'],,‘fﬁ;:é,ﬁgp LA S
e SE RSN I %ﬁ{f&* * \foreach > iz %_ LaTeX % ¢

forloop % ;% :

Line Command
1 \foreach\i in {1,...,20}
. {
3 %IZMA B linel-12 &5t a,b,c,d
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Line Command

4 \question Factorize $\leadingCoefficient{\a*\c}

x"2\coefficient{\a*\d-+\b*\c}x\Number{\b*\d}$

5 \begin{solutionordottedlines}[\stretch{1}]

$\leadingCoefficient{\a*\c}x"2\coefficient{\a*\d+
\b*\c}x\Number{\b*\d
=(\leadingCoefficient{\a}x\Number{\b}

(\leadingCoefficient{\c}x\Number{\d})$

7 \end{solutionordottedlines}

44

2% ¢ T \foreach\iin{1,...,20} fihé'j!ka {3 %
2 2% 8 FP el d e 20 x 0@ KPP o
"leadingCoefficient ; ~ " coefficient ; = " Number , B & _-
 p % function > 1 & F @ *  ifthen k&2 - £ Ay

BTE NPV bldo# x4+ —5x+4 BF x?—5x+4-
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@ d 3 42k 7T leadingCoefficient ; % function pFi * 13
pgfmathtruncatemacro = 45 £ - F A @~
\leadingCoefficient{\a*\c} = p*ix - pgfmathtruncatemacro ;Tk
A g az APk AT Y i % o E R R R A
{735 XTAFTHED @ 3 FF - B FRIDR (T F = sE

g‘ o
BN

2EFALEL S FRT - LRFE R D {r d
CREFAEFMKF e ad+be MFWEL 0 0 HEE

[«

NI x24+0x—4 EFR(0 AT BR o P BiZL x2—
4)0 ZfRAR R A ARP R TY A E ad+be 0 R
% — @ ifthen:

\pgfmathtruncatemacro\cox{\a*\d+\b*\c}

\question Factorize $\leadingCoefficient{\a*\c}x"2\ifthenelse{\cox=0}{}

{\coefficient{\cox}x}\Number{\b*\d}$

MUFE e B § I

e bR e 441 overleaf.com > j #aEchfe 1 F
P AN https.//www.overleaf.com/read/qzdfwdnnshdh
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LaTeX €% & Al #i &1 8
¥ - @i * LaTeX i3 » PE_* 2087 Al e o 0
N - BEESTOE LAY F(CAKT A FALARK
T4 . (COE) A f 2 - )T AL p A 3 ik R p
- alg R LaTeX cha iv¥ 0 AIE K AT
ol 4Eer Al A oo

TRAERE AR T - BT 1 R e Y eh

Y
=

LaTeX 4f% 4 » 4 pren Poe » @i % § £ B

TR B.é?;»kﬁg?l =t

The following table shows the number of cakes sold each day in a shop.

Number of cakes sold 1112 |13 |14 | 15
Frequency 20 45 | 83 | 39 | 13

Find the mean of the number of cakes sold each day.

The following table shows the number of cakes sold each day in a shop.
\begin{tabularHjcicicclciclfihlineMumber of cakes sold & 11 &12 & 13 & 14
&15\hlineFrequency & 20& 45 & 83 & 39 & 13\hline\end{tabular}Find the
mean of the number of cakes sold each day.
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=42 Poe gw R -

To find the mean of the number of cakes sold each day, we need to
calculate the sum of all the values and divide by the total number of
values. However, since we are given the frequency of each value instead of
the actual values, we need to first find the sum of the values using the
frequency.

The sum of the values can be found as follows:

\begin{align*}

\text{Sum of values} &= (11\times 20) + (12\times 45) + (13\times 83) +
(14\times 39) + (15\times 13) \

&= 220+ 540 + 1079 + 546 + 195\

&= 2580

\end{align*}

The total number of values is the sum of the frequencies:
\begin{align*}

\text{Total number of values} &= 20 + 45+ 83 + 39 + 13\
&= 200

\end{align*}

Therefore, the mean of the number of cakes sold each day is:
\begin{align*}

\text{Mean} &= \frac{\text{Sum of values}}{\text{Total number of values}}\
&= \frac{2580}200} \

&=129

\end{align*}

Therefore, the mean number of cakes sold each day is $12.9%.
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FARIIEFE S FAPR* LaTeX 3§/ B > Poe »
et * LaTeX 1% i o 4o % A i d-is chw i) #
LaTeX :Ei7tsk » I ke & 40T

To find the mean of the number of cakes sold each day, we need to calculate the sum of all the
values and divide by the total number of values, However, since we are given the frequency of each
value instead of the actual values, we need to first find the sum of the values using the frequency.

The sum of the values can be found as follows:

Sum of values = (11 x 20) + (12 x 45) + (13 x 83) + (14 x 39) + (15 x 13)
= 220 + 540 + 1079 + 546 + 195
= 2580

The total number of values is the sum of the frequencies:

Total number of values = 20 + 45 + 83 + 39 + 13
= 200

Therefore, the mean of the number of cakes sold each day is:

Mean — Sum of values
"~ Total number of values
2580
200

=129

Therefore, the mean number of cakes sold each day is 12.9.

BRE R GA LaTeX i e 5 Al LT ESF
T 0 Rt AL B * LaTeX a3 £ 3706 g

/

M=

= o LaTeX A4 @ =27 28 Al afai®o
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ChatGPT >

Let $M$ be a $3\times3$ real matrix such that $M~T=-M$, where $M~T$

is the transpose of $M$. Prove that $|M|=0$.

153

Since $M”T = -M$, we have that:

$$\det(M~T) =\det(-M) = (-1)"3\det(M) = -\det(M)$$

On the other hand, since $\det(M~T) = \det(M)$, we have that:

$$\det(M) = -\det(M)$$

which implies that $\det(M) = 0%. Therefore, we have proved that $|M|=0%.

Let $A=\begin{pmatrix}-18a&b\-a&-1&-8\-b&8&-1\end{pmatrix}$, where
$a$ and $b$ are real numbers. Denote the $3\time3$ identity matrix by
$1$. Using the above result, prove that $]A+I|=0$.

To prove that $|A+I| = 0%, we need to show that $\det(A+l) = 0%. We have:
\begin{align*}

A+l &= \begin{pmatrix}-1&a&b\-a&-1&-8\-b&8&-1\end{pmatrix} +
\begin{pmatrix}1&0&0\0&1&0\0&0&\end{pmatrix} \

&= \begin{pmatrix}0&a&b\-a&0&-8\-b&8&0\end{pmatrix}

\end{align*}

Let $M = \begin{pmatrix}0&a&b\-a&0&-8\-b&8&0\end{pmatrix}$. Then
we have:

\begin{align*}

MAT &= \begin{pmatrix}0&-a&-b\a&0&8\b&-8&0\end{pmatrix} \

&= -\begin{pmatrix}0&a&b\-a&08-8\-b&8&0\end{pmatrix} \

&= -M

\end{align*}

Therefore, $M$ satisfies the condition that $M*T = -M$. By the result
proved in the previous question, we have $\det(M) = 0%.

Since $\det(A+l) = \det(M)$, we have $\det(A+l) = 0%. Therefore, we have
proved that $|A+l| = 0%.
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T ok, 3E P fow F A

(a) Let M be a 3 x 3 real matrix such that M7 = —M, where M7 is the transpose of M. Prove
that |M| = 0.

-1 a b
(b) Let A= (—a -1 —8) , where @ and b are real numbers. Denote the 3 identity matrix by
b 8 -1

(i) Using (a), or otherwise, prove that |[A + I| = 0.

(ii) Someone claims that A* 4+ I is a singular matrix. Do you agree? Explain your answer.

EN

RS

Since MT = —M, we have that:
det(M7) = det(—M) = (—1)*det(M) = — det(M)
On the other hand, since det(M7) = det(M), we have that:
det(M) = — det(M)
which implies that det(M) = 0. Therefore, we have proved that |[M| = 0.
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To prove that |A + I| = 0, we need to show that det(A + I') = 0. We have:
-1 a b 100
A+I=|-a —1 -8]1+(0 10
b 1 001
0 a b
=|(-a 0
—b 8 D

0 a b
Let M =| —a 0 —8]. Then we have:

Therefore, M satisfies the condition that M7

= —M. By the result proved in the previous
question, we have det(M) = 0.

Fod %o AL BERRG PdFamET A4 o RS g i
LEEH TR o B4R h- B3 > B A B - AL

SPEE B RS kenfcF i 4 H
) 2453 7 fi(bl4e Poe § 75 10 72 wA R V144 T E

I

B o]+ ehe E\L{I%' % 1T 5 plain text e LaTeX » ¥ 12 i%
;l}, ‘*‘F' ¥ Al BT ﬂ';; ,f_té’ m;}% ’}’”‘ o 3\ Fé;@ $-— J.Ef: Vi
LaTeX i % 19 tikzpicture ,.%éb%fuﬁiﬁ » Poe s 7t iEiEw
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B m 2 > Poe H_ic ¥ LaTeX & @ PP o 24 @R °

A B A FHEP AT BOAL hEE N A T Ak P
REFEARTD oM G - BR8P
* ChatGPT 4.0 i + wolfarmalpha =heh # ki 7iF F o 4o
FAPREE- B AL FEMEE TG - < AL
FgTAR R LaTeX GliE( iy 6424 F & gt -

EEAS 2814

PHFRE-PF LG FARPPIN - BRI
BABERL o ek G - X AL TR A ﬁ;:#g’#:»§i
iAo LaTeX Rtk g4 8y - LRy 2
fRengc o ip g FRR KL F 28R AL ;z' b B

A e A AR At o AR AL F it A E A
B R L PTEY NG o EE L b i ko
FPEAARG > TREZ AT Y B AP eE RS X
Bratic o s A PR S E € 0§ Y i ke
24 AL PREGE Yo a D RFEL AP
ORGP RE A Pl g7 P FRER T
FengF 1 LM NRT AP E o F F - P HET R
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THEB (2T FAF) A
THBL A B 2 FE O RABETE A B o 5 F
Winx 2 B R0 d i * 3= (Chord) (72 4385 » B4

FzZ dadlew ARl o R 1 MEle |
O~ Xz ri¥5%7; OAB % LAOB=0 > 7]

5

AB e B o7 o sz S ( - 4 B crd)

457 AB=rxcrd - 3= 3B IR 4 i rcrd 6

thi 5 (Sine) dificr 3 TR AR T O :
152

crd 6 = ZSing 0

Earaam 24 % o Bialsdr (AT 5 > Hipparchus »
K 190-9 % 120) i ¥ 5 ¥hi75% & (TableofChord) » #
e gkk RS HFEAREZ A R 24 ke
¥» % (Claudius Ptolemy » % 100-%) 170) eh¥ iF (% = & %
+) (Almagest) % 1 % 11 & - Z4 Xk FLEr &£ A :
60> 2% 6d 0°% 180° & ¥2°5|d 4p ¥t ez £ AB o

N

ARAITERER ~ BMFE HHLZ & Sk

THREEEE AW L gD A 44 R ] 5 pEY
PG~ PR oo P (S B R BcE RS 52 4 (Sine Table) >

Loz TEMRS AT ch sz fciple o ¢ F F I =4
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Lo~ 4 58 e RLE (KT EEE) (Surya
Siddhanta) % 2 % > 4otk 1 #77 « ZAKPLEE R 5
3438 > d 0°% 90° & 3°45'7 |k szE B o bldog & R A

1719
34-38

30° ¢ ZE B E 1719 % N E N & 1> sin30° =

0.5°3:%4&* 7|4 X & (Finite Difference) » T & & # ¢ @2 {3

N

B E B2 A o

&g%%@%ﬂ&%:@’ﬁf&%wiéﬁﬂaﬁBﬂiiﬁﬂﬁﬁﬁﬁ’i
BIRTH A o >~ 9€ & B4 v d * (Habashal-Hasibal-
Marwazi > 766-.% 869) ~ -4+ - ( Al-Khwarizmi » % 780-
£ 850) ~r f = 5 A (al-Battani > ¥ 858-929) ~ %
i (Abual-Wafa' al-Buzjani » 940-998 ) % #c#¥ 3jr=x » &
o BRI A Sl Y hiEkE o3 T oA 10w
% o 1t 3% ~435%(Cosine )~ it *» ( Tangent ) ~ &4+ ( Cotangent ) ~
& 3] (Secant) -~ 4% (Cosecant) e & ¢ A o

P2 L NERE SR DR ERE R CF 4 RESPESE R E
FLp e FRXEHFEF LR L PFOR L B2
T PEY v S b R R e B 2 2R 124 &
RO A« R a2 F Tk o R AT A2
AR FEN B TN (R BELAX) D RRD
R Y AR EATRL -
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Joachim Rheticus - 1514-1574) er,,.}a%Ni ot 0 % AK
FLjs 1010 d 0°% 45°~ & 1075 I dcie » & 'Pﬁ—f*} 3
EF#cd o A= o g4 B (Valentinus Otho » 1545-
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FART RGIEY B A 2D Frgp gty .

s
k2l
i
3
RN
I

(B~ dig) £ 104 4ed (4 fU8) » 25 R302 Z2 2
B RFAY BY RS o Ay ErRkeand (L UE)
fedr—- PR EE o R Mﬁyz’ﬁ?nwvlw f’—aﬂ,_@%
B (FRPEFEET) pZi 2k B2 44k
T A REE R O em e

School Mathematics Newsletter - Issue No. 27



161
Bi (AR B4

bh’ﬁf'_ﬁw Paﬁpm’}a}?ng—ﬁ

(1 #3E% » 683-727) » @ H#iL . 2&5%
) }g"ﬁ‘ P B dE R E (< T o | ///
BB AL E(729) 3 4k .
(T57)RF (7% o~ (7 £ i3 i P& /L\/
LER R =t 4

Bt N AR o (K ATE)
R oA (BREE - HL) 2
(g% - )

B 2:¢ Wigis &

P RBAT Y F RO - B 8 Eind Ao BRI LB T 4
PERFL EESTFLT LB 2 A BEATERL 2
Pld 28 & [=8xtanze (<) M5 - &2 F > L'k
3o HIEXTRAR > HAARLEOMG RRE Y
7.4 (Christopher Cullen) 3 i 82 h &% - > > 4
(TangentTable) - w suaf#r3 » & F @2 e P15 (=
FREYEY G MR (fiaE 2 ABE 0 AP A - 4
bz 22 R W o BRR ot B IEE R E L RS
I 17 R e J;E]m@:%?q\ﬁ&o

School Mathematics Newsletter - Issue No. 27



162

voAls P RE R LT ALEAY BREH () &
iz do KA d AR ] KR (T e # Rl
e k¥ ﬁ]ﬁ—"ﬁ@'ﬁ?ﬁ%ﬁiﬁf;@ﬂ:%ki%?(%}i()}v’*Fﬁ»,é
F-ER 2 (EP ) drefi B io v o T
2 F CHEEXRTEAR TR (X HEE) L4
léﬂ*;f“hg_g\'g@@;ﬂimi 8l BAPF P T A A o o d
FEWD (X FH) Lk RifEr 4o

P (FHET) HR R4
;‘:‘;bgﬁg&‘g»‘ EETR R 2 E R kY RO IR A T B
Ao AF @ A LM AR NFHEL 2 2P AE
MR Ak REGHK I3 E (Matteo Ricei > 1552-1610 )
WeD Y FALE - A 2R 2 FE FFdce ? Rl
TSRS RE AT T TRV PO

FAE - & (1629) > 4 £ fx (1562-1633) : fxH K /Eh » 3
A7 18 1 4% 3 3 (Johann Schreck » 1576-1630) ~ %7 &
( Giacomo Rho » 1593-1638) -~ ;¥ %= 3 (Johann Adam Schall
von Bell » 1591-1666) > #d¥#m &g 2 22 83 1> k%
CEAES )™ WL &2 R LS i 3 g (1579-
1659) &+ &k - B H B Rd & 17 fuif1 (FE % A4 H
N~ E (1635) == o

School Mathematics Newsletter - Issue No. 27



163

CHABED G AmB h52 b fesr (S ) > ¥
i = &—_ﬁ,_vmﬂfr”‘? 1;1;.'1£<i' Fl~ &4 ) E 15z
TP s R AR s A s Rkt o BARFIE SRR
=108 - d 003_450’5‘*1’] 1= 3§t13°<:¥4§ﬂ5‘%>}
HzsFm4%53 0 (A ~®L) B2e @ T (A A&
) T (Kpl) £ o ﬁﬁvi P H R 2 B N RIE R 2
PR R - o e (KB

(% aéf;4>>&n;\4,,erg,;\,,ﬁymﬂgwa g
o BELEBNE D M (HAEE) B st

AT ERTEEL) ’ﬁq*’“iW°3afg—_”rF (EF#F & - 3
B 17111799) be B B 23§ L (37

*Ed—>>

‘/2“-7‘?'5‘,

i (Erfldoin g) ~a
BES (S3F % - 2%, 1654-1722) #4p 8% = < &
ForR4I BT A AH R = ) A o
F- 2 g o kFBxlpRidd iy By vypiztd
GERESESFEE & S RE EY = DN I LE
B pikz e BEH GBE G EUEA (1648-1722) P 7
(?-1767) ~ " % B (1692-1763) % * % B (& % 4 &)~
(et &) ~ (FrialgeFrg) gﬁ;«'ﬁﬂé}gﬁ?

School Mathematics Newsletter - Issue No. 27



164

VOREEEE RIS E £ P RACT LI RE S S L (SR K
PREFRAGREFIET RS AR A R
’]ﬁ;}%"b 'Fa L fE PR (F WF‘@]"%’ DR - PR o

(B @) Jod (A8 ) v (FaEd) Lie-
HoRFILEERSLFE »d 0°F 45°, & 1077412 &
SBciE o ( NA A ) BRI :Qi:m o fed P RS 7P
A FHELL K -

5

Y N L i L I RN

%*’Wﬁkiiﬁ”‘@] BB RZ RS RO 7 FEEELv
2z & H T ??)Fiko}i%—:ﬁ#ftp’lpgp<’\,{ifrg'>$\-ﬁ

BE - i h o PILS R0 ngté‘fdvjj‘é

jsphchan@connect.hku.hk

School Mathematics Newsletter - Issue No. 27



165
54

1. Christopher Cullen, “An Eighth Century Chinese Table of
Tangents”, Chinese Science, Vol. 5 (1982), pp. 1-33.

2. BlEr ~AHBEM D (BRA- FHa2F a5 ar>d
#t ) <<B’*14§Mﬂ Yo% 5% % 438 (1986 & ) »
7 298-309 -

3w E g ((AAE) BRAASRSER) o (p B
BYFATY) %16 %% 34 (1997 &) » T 233-244 -
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A B I (A FE) A (Y FREH)

3
i3 v 779_ — )
A (R E) RE- TR 3652 R (MEF (2

W) P SR E A - B AP ) > @ LIRS oD
360° > Flpt & ® o 1 R ApE 2T I 4 0.9856° -

SHIEXTE 14 - | =W | = |efe | I

&Rz BE I | AN | A4 | A4 | 44
(E=:m) (HE=: ) (¥ :0.0001 %)

0 0.0000 1379 1 1 — —

1 0.1379 1380 2 1 — | —

2 0.2759 1382 3 1 — | —

3 0.4141 1385 4 1 — | =

4 0.5526 1389 5 1 — | —

5 0.6915 1394 6 1 — | —

6 0.8309 1400 7 1 — —

7 0.9709 1407 8 1 — | —

8 1.1116 1415 9 1 — | —

9 1.2531 1424 | 10 1 — | —
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T HBEEX T EE - | = |z | =R | I

iRz 2 £4 AL A8 | £4 | £ 4
(Ei=:R) (B ) (¥ = :00001 =)

10 1.3955 1434 11 1 — —

11 1.5389 1445 12 1 — —

12 1.6834 1457 13 1 — —

13 1.8291 1470 14 1 — —

14 1.9761 1484 15 1 — —

15 2.1245 1499 16 1 — —

16 2.2744 1515 17 1 — —

17 2.4259 1532 18 1 — —

18 2.5791 1550 19 1 — —

19 2.7341 1569 20 1 — —

20 2.8910 1589 21 1 — —

21 3.0499 1610 22 1 — —

22 3.2109 1632 23 1 — —

23 3.3741 1655 24 1 — —

24 3.5396 1679 25 1 — —

School Mathematics Newsletter - Issue No. 27



T HBEEX T EE - | = |z | =R | I

iRz 2 EL8 | EA4 | £E4 | £4 | £4
(Ei=:R) (B ) (¥ = :00001 =)

25 3.7075 1704 26 2 — —

26 3.8779 1730 28 2 — —

27 4.0509 1758 30 2 — —

28 4.2267 1788 32 2 — —

29 4.4055 1820 34 2 — —

30 4.5875 1854 36 2 — —

31 4.7729 1890 38 2 — —

32 4.9619 1928 40 2 — —

33 5.1547 1968 42 2 — —

34 5.3515 2010 44 2 — —

35 5.5525 2054 46 2 — —

36 5.7579 2100 48 2 — —

37 5.9679 2148 50 2 — —

38 6.1827 2198 52 2 — —

39 6.4025 2250 54 2 — —
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LRz L | £ AL | AL | A4 | £4
(Ei=: RB) (HE=: =) (¥ :0.0001 =)

40 6.6275 2304 56 6 — —

41 6.8579 2360 62 6 — —

42 7.0939 2422 68 6 — —

43 7.3361 2490 74 6 — —

44 7.5851 2564 80 68 — —

45 7.8415 2644 148 2 — —

46 8.1059 2792 150 2 — —

47 8.3851 2942 152 2 — —

48 8.6793 3094 154 2 — —

49 8.9887 3248 156 2 — —

50 9.3135 3404 158 7 — —

51 9.6539 3562 165 7 — —

52 10.0101 3727 172 7 — —

53 10.3828 3899 179 7 — —

54 10.7727 4078 186 7 — —
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(Ei=: RB) (HE=: =) (¥ :0.0001 =)

55 11.1805 4264 193 19 — —

56 11.6069 4457 212 19 — —

57 12.0526 4669 231 19 — —

58 12.5195 4900 250 19 — —

59 13.0095 5150 269 19 — —

60 13.5245 5419 288 160 — —

61 14.0664 5707 448 33 — —

62 14.6371 6155 481 33 — —

63 15.2526 6636 514 33 — —

64 15.9162 7150 547 33 — —

65 16.6312 7697 580 36 — —

66 17.4009 8277 616 36 — —

67 18.2286 8893 652 36 — —

68 19.1179 9545 688 36 — —

69 20.0724 10233 | 724 36 — —
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(Ei=: RB) (HE=: =) (¥ :0.0001 =)

70 21.0957 10957 | 760 39 — —

71 22.1914 11717 | 799 39 — —

72 23.3631 12516 | 838 260 — —

73 24.6147 13354 | 1098 | 440 | 620 | 180

74 25.9501 14452 | 1538 | 1060 | 800 | 180

75 27.3953 15990 | 2598 | 1860 | 980 | 180

76 28.9943 18588 | 4458 | 2840 | 1160 | 180

77 30.8531 23046 | 7298 | 4000 | 1340 | —

78 33.1577 30344 | 11298 | 5340 | — —

79 36.1921 41642 | 16638 | — — —

80 40.3563 58280 — — — —

81 46.1843 — — — — —
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