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* Dilution of household bleach: applying ratios and
proportions to solve real-life problems (2024-12-11)

* Mathematics modelling project presentation (2025-

3-21)
» Germany study tour (2025-5-21)
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* Introduction to mathematical modelling (2024-12-13)
» Exploring mathematical models from real life using

probability (2025-5-2)
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The temperature-time graph of four brands of hand warmer
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S2 Mathematical
Modelling —

Dilution of Household
Bleach

Applying ratios and proportions to |
solve real-life problems

Date : 11 December 2024
Time :09:55-11:15
Class: S.2B

Subject Teacher: Mr. Marco Cheun%
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Project Overview

DX Target Audience 2 Key Question = Mathematical Focus

N

Form 2 students, Which bleach performs best for Applying ratios and proportions

Class of 34 specific purposes? to real-life problems



Why This Topic?

STEAM Integration
g Connects math with chemistry concepts

Real-life Relevance

Students familiar with bleach from COVID-
19

Prior Knowledge

Builds on “Rates, Ratios and Proportions”



Implementation Steps

Problem Introduction

Connect to COVID experience

Present bleach comparison challenge

Model Development

Derive a basic equation under ideal conditions

Guide criteria creation

Excel Application

Input data into spreadsheets

Create ranking formulas

Result Analysis

Interpret findings

Discuss on the fairness of the result



Model Development Process

Define Problem

@)
= |dentify specific use case for bleach
Create Criteria
°— Determine important performance factors
Assign Weights
@] Apply proportional importance to each factor

Analyze Results

U[Iu Rank bleach performance using Excel




Student Observations

What Worked Well

» Students able to create assumptions
» Successfully applied data to Excel models

» Students can analyze how different variables

affect outcomes (Temperature, expire day)

Challenges Faced

* Progress was slowed by unfamiliar chemical concepts
 Difficulty assigning fair weights to variables

* Some needed help refining models




Improvement Suggestions

Simplify Concepts Provide Context
Choose topics without new Give background on factors
concept affecting performance
Saves valuable class time for E.g. Temperature effects,
modeling work Ingredient interactions

Use Algebraic Notation

Replace words with variables: T = Temperature

Makes formulas clearer and more concise




S.2 Mathematical Modelling

Germany Study Tour
Applying the weighted mean and proportion

Date : 21 May 2025
Time :09:55-11:15
Class: S.2A

Teacher: Ms. Wendy Cheung



REAL WORLD PROBLEM

REPORTING RESULTS




Define the Problem

Modeling problems are open-ended

Define with their 4 points scale for each group

Work in groups and determine 4 important criteria to be included in the models for

this tour.

4 important criteria are:

Annual result , Intevview
o Pttendmuee . o nv.of |avguase

Ms. Cheung has received 8 applications of this tour and the data of some criteria

have been recorded in a data sheet. Your teacher now gives you the data sheet. For
simplicity, the 4-point scale is adopted. Use the criteria @ to @ you have chosen
and write the corresponding descriptors in the following rubrics. You may refer to

the given example to complete the rubrics.

Criteria

Point scale e.g.

@ @ @ @
Conduct a“n_M\ 1 ‘{‘auw Mm wbbv
ance

grade Yeéﬂy‘ \ﬂ\j‘:ﬂﬁ&

"M igl iw)

0-2i" ‘? ta&ﬁm‘
24 -§0 T0 -1 pu
A-W § %lo-a 2

“1b-fod  Q 0-foo| %

o [ D |

END OF TASK 1




03 Make Assumptions

~
-~ It is impossible to account for all the factors that impact a given situation,

so we must choose what is most important criteria to include in the study tour.

5. Work in groups and determine 4 important criteria to be included in the models for

this tour.

4 important criteria are:

Annual result . Interview
o Ptienoyee . o N2 0f languate

6. Ms. Cheung has received 8 applications of this tour and the data of some criteria

have been recorded in a data sheet. Your teacher now gives you the data sheet. For

simplicity, the 4-point scale is adopted. Use the criteria © to @ you have chosen
and write the corresponding descriptors in the following rubrics. You may refer to

the given example to complete the rubrics.

Criteria

Point scale e.g.

@ @ €) @
Conduct annu.ﬂ.\ 1 'ﬁa“w M‘\m& T‘OLY
grade onee
YeewX lengwages

M ﬂ&m_‘_ - bloomsights.com
24 -40 70 - r 3

-N & -84 3
h_m q 0-foo] *

END OF TASK 1

Bl [ | =
s lm | 0o




Define Variables

Making assumptions reveals variables that will be needed.
Each group defines each weights for each criteria.

Weights become variables among different groups.

s

- A
N utite \':t
\r
=

Students Criteria
% Feedback
Annual result Interview Attendance I\‘?“‘be’ ok Number of | from teachers 4 e t?ur
spoken Conduct bt before?
last year performance rate m % _ service posts (Poor, Farr,
Languages (A-D) Which year?
(0-100) (0-10) (0-100) (0-5) Good,
(1-4) Which tour?
Excellent)
2023
Amy 90 9 920 2 A 0 Good Bais
: e1jing tour
2024
Betty 65 8 100 3 B 1 Excellent 3%

8 Bei1jing tour
Cindy 85 8 70 1 B 1 Poor Never
Daisy 65 7 95 2 2 F 2024

aisy S 5 2 A 2 ar UK tour
Emily 40 8 100 1 B 0 Good Never
Fanny 50 9 80 2 C 3 Excellent Never
- 2023
Ginny 70 6 85 3 D 2 Good
: Japan tour
2024
Hillary 80 6 60 4 C 1 Fair MK
’ Be1jing tour
Data Sheet (Part 1)
Students Criteria
Annual result Interview Attendance Numl')‘er ot o Numb
last year performance rate in % L:po en 2 “D) servigl posts
(0-100) (0-10) (0-100) e -5)
Amy 90 K4 9" 4 90 4 2 4 0 9
Betty 65 3 8 Y 100 4 Yoz
Cindy g LY 8 } g
Daisy 65 -5 7 5 95
N Emily 40 3 100 4
&
Fanny 50 2 9 L\L 80
Ginny RS 6 85
Hillary |80 L 6/ 60




Get a Solution
i Use familiar mathematical and computational tools to solve..

Using google sheet/ excel as tools to calculate rapidly.
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. Group A

Different weighting

A E Annua
Annual 1 average | Interview |Attendance|Languages
average Interview | Attendance | Languages score
score > whght (w)| 03 0.4 0.1 0.2
ght (w) 30% 40% 15% 15% 3 1 4 4
4 4 4 1 Bery
5 Cindy 4 3 2 1

Cindy 4 3 2 1 5 Daisy 2 3 4 2

Daisy 2 2 4 2 7 Emily 1 3 4 1

Emily 1 3 4 1 2 Famny 2 3 2

Fanny 1 4 3 E 3 Ginny 3 [/;\ 3 3

Ginny 3 1 3 3 7 Hillary 4 o 2 1 4

o~ ———— —Different 4 point scale standard

Score: | Rank

Model 2: 12 1.6 0.4 0.4 3.6 1

Amy 1.6 1.2 0.6 0.6 12 0.4 0.6 2.8 5

Deily il .2 L N - 5 Cmay 12 12 0.2 0.2 2.8 4

Cindy 1.2 1.2 0.3 02 W29 | 2~ 7 Daisy 0.6 12 04 0.4 26 7

Daisy 0.6 0.8 0.6 0.3 23 6 s Emily K ™ 02 03 5

Emily 0.3 1.2 0.6 0.2 2.3 7 > Famy 06 e 03 _ /2_9 3

Fanny 0.3 1.6 0.5 0.3 2.7 4 ) Ginny 0.9 03 03 . . 7

Ginny 0.9 0.4 0.5 0.5 55 8 \ Hillary ® 03 o1 >

Hillary 1.2 0.4 0.2 0.6 24 5 i

Final score = WX, + WX, + Wy X, + W, X, i Final score = WA ¥ WX, F W T WY,
5

W, +w,+w,+ W,

Group B

W, W, W+,

Different results of ranking



Analyze the Solution

When considering the results and insights gained from the
model, ask how to improve from the model.
Why is the different results from different group?

1. You have learnt the (arithmetic) mean in the textbook. Try to use that formula as
your first model to find out the final scores of the 8 applications following the

rubrics you have set in the previous task.

First model: using (arithmetic) mean

Final scores of participants

Candidate

Score

Rank (1: highest, 8: lowest)

Amy

Betty

23¢

Cindy

L.

Daisy

315

Emily

Fanny

Ginny

Hillary

-G-@DQ-QW-@V~.

Try to answer the following questions:

*  What is the advantage of this formula?

Easy. it

We need to justify whether the model is possible for the selection.



Iterate

Refine the model by repeating the process, adjusting as needed
to improve the solution.
Instead of repeating the model, we compare the different results

with the same model among different groups to save time.

Group C

v BIZ : Download - result of final score.xlIsx
B I
A B Cc D E F G
Annual
1 average Interview | Attendance | Languages
SCore

2 proportions (p) 0.3 0.4 0.2 0.1
3 Amy 90 9 90 2
4 Betty 65 8 100 3
5 Cindy 85 8 70 |
6 Daisy 635 7 95 2
7 Emily 40 8 100 |
8 Fanny 50 9 80 |
9 Ginny 70 6 85 3
10 Hillary 80 6 60 4
1 Max score 90 9 100 4
12
13 Model 3: Score: | Rank
14 Amy 0.3 0.4 0.2 0.1 093 | 1
15 Betty 022 0.36 0.20 0.08 0.85 2
16 Cindy 0.28 0.36 0.14 0.03 0.80 3
17 Daisy 0.22 0.31 0.19 0.05 0.77 4
18 Emily 0.13 0.36 0.20 0.03 0.71 8
19 Fanny 0.17 0.40 0.16 0.03 075 | 6
20 Ginny 0.23 0.27 0.17 0.08 0.75 T
21 Hillary 0.27 0.27 0.12 0.10 0.75
22
:3 Final score = p‘A+§’B+f‘-‘(r+E‘D
¥ .
e max max nm T

0| 8 | = O | B W R

- -3 | =
| - D

14
15
16
17
18
19
20
21
22
23
24
25

o

ORPY

Group D

L + 7
E F G
nnua
average Interview | Attendance | Languages
score
proportions (p) 30% 30% 20% 20%
Amy 90 9 90 2
Betty 65 8 100 3
Cindy 85 8 70 1
Daisy 65 7 95 2
Emily 40 8 100 1
Fanny 50 9 80 1
Ginny 70 6 85 3
Hillary 80 6 60 4
Max score 920 9 100 4
Model 3: Score: | Rank
Amy 0.3 0.3 0.2 0.1 088 | 1
Betty 0.22 0.27 0.20 0.15 0.83 2
Cindy 0.28 0.27 0.14 0.05 0.74 5
Daisy 0.22 0.23 0.19 0.10 0.74 6
Emily 0.13 0.27 0.20 0.05 0.65 8
Fanny 0.17 0.30 0.16 0.05 0.68 7
Ginny 0.23 0.20 0.17 0.15 0.75 4
Hillary 0.27 0.20 0.12 0.20 0.79 3
Final score = pa BB, ’tf-‘{ + 2D

K

(

max max

D

max




Communicate Padiel ¥

A clear report on the model, solution technique, and results
Mmakes the model understandable to others @#{F

2 “-..,5..@
e




Model 1 and Model 2 Model 3
Anmaal M Anmma]
averzge Interview | Aftendancs | Lansuszes Model average | Imberview | Artendance | Lansmages
SC0TE ] 1 SCOTR
wighs (W) a4 0.3 a2 0.1 Rank [proparions (o) 0.4 g3 02 )
A 4 4 4 2 3.50 1 A o0 9 9 2
B 1 3 4 3 2175 2 B &5 L 100 3
C 3 3 2 1 13235 f C 85 L T 1
D 1 2 4 2 2325 f D &5 7 a5 2
E 1 3 4 1 13235 ] E 40 L 100 1
F 1 4 3 2 250 E ] F 50 9 B 2
G 2 1 3 3 13235 ] G T ] 85 3
H 3 1 1 4 13235 f H 20 1] 50 4
T L] 9 100 4
Model - Score: Rank Model 3: Soore: Rank
Amy 16 12 0.8 02 £ 1 Any 0.40 030 0.18 005 0.93 1
Betty 04 0g 0.8 0.3 24 4 Betty 0.2% 027 0.20 008 083 2
Cindy 12 0e 04 0.1 26 2 Cindy 038 027 0.14 003 081 3
Daaisy 04 0.6 0.8 0.2 2.0 g Deaisy 0.2% 023 0.19 005 076 5
1 04 g 0.8 0.1 22 5 Emily 0.18 027 0.20 003 0.67 2
Fanmy 04 12 0.6 02 24 i Fanny 022 030 0.16 005 073 T
Ginmy 08 0.3 0.6 0.3 20 g Ginmy 0.31 020 0.17 008 076 [
Hillary 12 0.3 0z 0.4 21 ] Hillary 0.36 020 0.12 010 078 4
. (L T U o TR TCN i T TR o .
Final score = — Final score = _p:.-! + _,r:-..f:‘ LBt ( + P
R A il { i
Data Sheet (Part 2)
Students Criteria
. Feedback
Annual result Interview Attendance Dlitier 0 Number of | from teachers Sisme] tc;ur
factw 3 spoken Conduct : before?
ast year performance rate m % ) service posts (Poor, Farr,
(0 - 100) (0 - 10) (0 — 100) Languages (A-D) ©-5) Good Which year?
(1-4) E + Which tour?
Excellent)
. 2023
Amy 90 9 90 2 A 0 Good Beijing tour
2024
Betty 65 8 100 3 B 1 Excellent 552
8 Be1jing tour
Cindy 85 8 70 1 B 1 Poor Never
; B 95 & 5 2024
Daisy 65 5 2 A 2 Fair UK tour
Emily 40 8 100 1 B 0 Good Never
Fanny 50 9 80 2 c 3 Excellent Never
2023
Ginny 70 6 85 3 D 2 Good
2 Japan tour
2024
Hillary 80 6 60 4 C 1 Fair ;
: Be1jing tour

Model 3 further

i . Astendanc | Language | Year Joined | Year Joined tour
mS;:Ege Interview R . Conduct Posts | Feadback tour befre befors
proportions (7) 0.1 02e pas a1 010 005 .10 130
Anmy o Q op 2 4 L] 3 3 2{123 Beijin= tour |Never
Batty 65 8 108 3 3 1 4 X 2024 Beljing tour (23 asia
Cindy 85 8 0 1 3 1 1 4 Meavar 24 asia
Dizisy 5 7 o5 2 4 2 2 1 2024 UK tour |24 uk
Emily 40 g 106 1 3 L] 3 4 Mavar
Fanmy 0 Q 80 2 2 3 4 4 Mewar
Gimmy T 6 i 3 1 2 3 3 2023 Tapan four
Hillary 30 4 &0 4 2 1 2 3 2023 Beljing tour
max o0 D 100 4 4 3 4 4
Mlodel 3: Score: Bank
Any 0.10 020 0.0450 0.05 010 0,00 0.08 0.23 0.7950 2
Batty 0.07 013 0.0500 008 0.08 002 010 0.15 07167 5
Cindy .09 012 0.0350 0.03 o.os 0.02 003 0.30 0.7489 3
Diaisy 0.07 015 0.0475 0.05 010 0.03 005 .08 {0.5836 2
Emily .04 0.18 0.0500 0.03 0.08 0,00 .08 .30 0.7472 4
Fammy .04 020 00400 0.05 005 005 010 0.30 0.8456 1
Gimmy 0.08 013 00425 008 003 003 008 0.23 0.6859 T
Hillary 0.09 013 0.0300 0.10 005 0.02 005 0.23 06930 [

.00
.00
.00
100



What does the math modeling process look like?

— Define the Problem
— Modeling problems are open-ended

Define with their 4 points scale for each group

\

~
J It is impossible to account for all the factors that impact a given situation,

[ Make Assumptions
-

so we must choose what is most important criteria to include in the study tour.

Define Variables

Making assumptions reveals variables that will be needed.

Each group defines each weights for each criteria. Weights become variables among different groups.

Get a Solution
Use familiar mathematical and computational tools to solve.. %

Using google sheet/ excel as tools to calculate rapidly.




What does the math modeling process look like?

{C’)} Analyze the Solution

When considering the results and insights gained from the
model, ask how to improve from the model.
Why is the different results from different group?

Iterate

Refine the model by repeating the process, adjusting as needed
to improve the solution.

Instead of repeating the model, we compare the different results
with the same model among different groups to save time.

Communicate

A clear report on the model, solution technique, and results
Mmakes the model understandable to others

Reference: https://m3challenge.siam.org/what-is-math-modeling/



S4 Mathematical
Modelling Project
Presentation

Date : 21 March 2025
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Time:14:20-15:40 fa— M 5

Class: S.4 (Class M2) R

Subject Teacher:
Mr. Tommy Chiang
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Group 1
Prototypical Networks with Feature Masking

Weighting Features

« A feature mask is used.
It is for two vectors m1 and m2 with the
same dimension as the output dimension
of the feature extractor
he feature mask should amplify
predictive features and reduce the effect
of non-predictive features.

To help the model adapt to the target
distribution that is different from the
ource data distnbution

Unless otherwise specified. m2 is a vector
vith all values being 1)

This shows the location of the feature
masking approach in slide 8




1. Class Prototype
Calculation

T - el s el

The class prototype c;. for class k is calculated as: ]l
1 r

* Variables:
> ¢p: Class prototype for class k.

> S.: Support set containing samples of class k.
> IN: Number of samples in the support set .S;..

> f(z;): Feature extractor function applied to input ;.
/////d

( next slide —> >

e
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ViT-B-14 Results

Aircraft | Flowers | CIFAR | CUB mini-ImageNet
Baseline 74.13 99.94 96.29 98.82 97.48
Exponent (k=0.3) 74.28 99.94 96.66 98.79 | 97.97
Exponent (k=0.5) 74.21 99.94 96.76 908.76 | 98.18
Exponent (k=2) 73.79 99.94 95.80 98.57 | 98.14
Boolean mask (y=0.1) | 74.56 99.94 96.00 98.81 | 97.36
Boolean mask (y=0.2) | 74.89 99.94 95.67 98.83 | 97.22

ViT-S-14 Results

Aircraft | Flowers | CIFAR | CUB mini-ImageNet
Baseline 74.21 99.90 94.86 98.12 97.42
Exponent (k=0.3) 74.72 99.89 94.89 98.10 | 97.73
Exponent (k=0.5) 74.65 99.89 94.82 98.06 | 97.81
Exponent (k=2) 73.86 99.87 92.87 97.61 | 97.12
Boolean mask (y=0.1) | 74.96 99.89 94.30 98.13 | 96.79
Boolean mask (y=0.2) | 75.43 99.90 93.41 98.03 | 97.22
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Math-group 2

Entropy weight
method




, Calculation Steps of Entropy Weight Method

D €5 oS

, determination of the
Normalization of Data Entropy Value Calculation i
weig

Mapping the - o
datatothe [0,1] H. = — s Wi = = :
ata to the [0,1] H, k pr lnpw S (11— H))

range for ease of

subsequent

calculations.



4. Constructing the Livability IndeXx

We define the Livability Index (L) as a weighted sum of multiple sub-indices, each
representing a critical aspect of livability.

L = w; 1

?,_

where:

I?l 15 the value of the i-th livability factor (scaled appropriately).
H ¢ 15 the weight of the factor determined using entropy weighting.



. =as
JV Example Calculation With Real Datas: step 1 collect data

Indicator GDP per Median Gini Crime PM2.5 Renewab | Green Educatio Healthcar = Cultural Political Rule of
capita Income Coefficie Rate (per | (pg/m?®) le Energy @ Space n Index e Quality Diversity Stability Law
(USD) (USD) nt 100Kk) (%) (%) (0-1) Index Index Index

Hong 493800 24000 0.539 60 29 1 40 0.91 89 0.75 0.2 0.65

Kong,Chi

na

USA 76400 45000 0.415 380 8 21 34 0.89 a0 0.82 0.5 0.73

Germany | 54100 37000 0.316 200 12 46 29 0.92 ar 0.78 1.1 0.81

Japan 40800 33000 0.329 35 18 24 66 0.88 a4 0.72 0.8 0.79

Brazil 8900 4500 0.539 2200 45 85 60 0.75 65 0.89 -1.2 0.46




- _____________________________sEE
V' Step 2 Calculate Sub-Indices tor Hong Kong

~ GDP + Median Income — (Gini x 100) 49,800 + 24,000 — 53.9 0.607

Economic Index (IE) I

max(GDP) 4+ max(Income) 76,400 + 45, 000
Security Index (1S)
Io — Normalized Crime Score + Political Stgability (0-100) + Rule of Law (0-100) — 07.27 +354+65 7200 (Sealed to 0.721)
Environment Index (IEnv
(Env) 100 — 25 + 1 4 40
Tiny = o —1.16 (Capped at 1.0)

Social Index (IC) B 0.91 - 0.85 + 0.75

lo ) = 0.837




T T
JV Step 3 Calculate Entropy for each Sub-Indices

For |IE

| Region IE IS | [Env {#

| Hong Kong |0.607 | 0.721 | 1.0 0837

| USA 0.792 [ 0.623 T0.98 0.823

| Germany 0.665 | 0.689 | 1.0 0.857

| Japan 0.502 L 0.812 0.93 0.813
Brazil 0.0 0.402 ; 0.56 0.633

1
g 1n(5)zp~" 0

Similarly, HS=0.892, HEnv=0.963, HC= 0.901



, Global Case Studies of Typical Regions

Country/R | GDP/Capit | Crime PM2.5 Education |Final L
egion a Rate

Hong 49,800 60 25 0.91 0.75
Kong

USA 76,400 380 8 0.89 0.78
Germany | 54,100 200 12 0.92 0.80
Japan 40,800 35 18 0.88 0.73
Brazil 8,900 2,200 45 0.75 0.48

North America
Region Case
Study-USA

Asian Region Case
Study-Japan



Group 3
The Best Footballer in the world
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Normalizing the scoring criterias

In order to avoid large numbers which may be difficult to manage, we have
normalized each of the scoring criterias to a common scale. For each scoring
criteria of a player X, the normalized value Xnorm is calculated as:

X — Xmiﬂ.
Xma:r _ Xmin

X norm —

Where Xmin = the minimum record of a same position player in that criteria
Xmax = the maximum record of a same position player in that criteria




Step 9: Comparing the weighted sum of the best player in different positions

Goalkeeper: Mark Flekken (0.81)
Defender: Antonee Robinson (0.53)
Midfielder: Bruno Fernandes (0.61)
Forward: Mohamed Salah (0.75)




Limitations of the Modelling

1. As the weights are made up and decided by our team, it is subjective and different people
may have different views about the importance of each quantity to the position. Therefore,
the result generated by different people’s weighting may be different.

2. As it Is hard to find some indicators measuring those intangible qualities (e.g., leadership,
teamwork) , we can’t use a mathematical way to estimate the ability of players including
these qualities.

3. As we used only a few scoring criteria, the result generated may not be so accurate as the
criteria cannot fully reflect the ability of the players.

4. As the players are playing for different clubs, they have different teammates and face
different opponents, so it is hard for us to give a true and fair rating for all the players. For
example, when a stronger team face a weaker team, the goalkeeper and defenders of the
stronger team may have less pressure and less chances of receiving the ball or to make
an interception compared to facing a equally strong team, vice versa.



Mathematical Mooeling Proect Q
Economy Index of a Region / Country
(Group 4)
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Modelling Methods

1. Entropy Weight Method:
To obtain the weightings of each
indicator BU"dmgmeMOdei wical

>, Tos1s R

To generate the factor score




Data Preprocessing e}

rix P:

2022 | Unemployment H GDP per capita (] Inflation Rate(%)| Average Salary(USD)
<ong 0.10 0.22 0.24 0.18
nited State 0.12 0.24 0.07 0.25

0.06 0.01 0.07 0.01
| 0.10 0.04 0.04 0.03
Iny 0.15 0.19 0.06 0.20
0.17 0.15 0.15 0.17
) 0.13 0.04 0.06 0.03
co 0.04 0.01 0.07 0.02
Arabia 0.07 0.08 0.18 0.08
0.06 0.02 0.05 0.02
'heck) 1.00 1.00 1.00 1.00

Standardisation

Normalisation




Entropy Weight Method:
Basic ldea - Entropy

Entropy is the scale of the average level of uncertainty or information
-The level of uncertainty 4 (Probability | )

-The amount of information can be derived *

-The entropy 1/

-The reliability of that indicators |

-The weighting |

I(z) =-In(p(z))




Entropy Weight
Method

Z p;ln(py) (j=1,2, - ,m)

e.
77 1lnn

Wy=d;/ ) d;(j=1,2,,m)

j=1

A B C D E

(=1, 2, 3...) Unemployment R GDP per capita (| Inflation Rate(%)| Average Salary(USD)
~j (weighting of | 0.07638881768| 0.3783957553 | 0.1738680537| 0.3713473733
Sum of wj (Checl 1




TOPSIS

Normalised Data:

2022 | Unemployment § GDP per capita (| Inflation Rate(% )| Average Salary(USD)

Hong Kong 0.2938 0.5302 0.6416 0.4262

The United State 0.3509 0.5740 0.1875 0.5964

India 0.1779 0.0175 0.1820 0.0321

Russia 0.3081 0.0925 0.1024 0.0785

Germany 0.4355 0.4426 0.1543 0.4821

Japan 0.4858 0.3690 0.4063 0.4177

Mexico 0.3827 0.0850 0.1563 0.0601

Morocco 0.1128 0.0283 0.1935 0.0404

Saudi Arabia 0.2178 0.1927 0.4876 0.1994

Peru 0.1779 0.0580 0.1451 0.0590

Matrix Z+ (Max. 0.4858 0.5740 0.6416 0.5964 Z*=(Z{,25,,Z,) = (max{zn,221,"** yZa1},MX{ 212,222, """ , Zn2}, *** ,INAX{ Z1ny Z2m»*** s Zum ) )
MatrixZ-(Mln.V Q1128 0.0078 D:024 Ri0eE ZA - (ZlnaZ‘ZAa""Zv:r) = (min(zu,zgl,---,2,,.),min{zw,z;n,-",z,,g},---,min(zl,,,,zg,,,,---,z,,,,,))

Weightings (wj) | 0.07638881768| 0.3783957553| 0.1738680537| 0.3713473733]

2022 | Unemployment § GDP per capita (| Inflation Rate(% )| Average Salary({ D+ m
Hong Kong 0.0028 0.0007 0.0000 0.0108| 0.1195789801 D+ L Z w ( Z + ) 2
The United State 0.0014 0.0000 0.0359 0.0000| 0.1929841993 1 J J <, ¥
India 0.0072 0.1172 0.0367 0.1182| 0.5285871856 j=1
Russia 0.0024 0.0877 0.0505 0.0996| 0.4901969335
Germany 0.0002 0.0065 0.0413 0.0049| 0.2299239721
Japan 0.0000 0.0159 0.0096 0.0119| 0.1933570992 o
Mexico 0.0008 0.0905 0.0409 0.1068| 0.4889265309 D= E Kids ( 7 — 2 ) 2
Morocco 0.0106 0.1127 0.0349 0.1148| 0.5225114699 t J J Ly
Saudi Arabia 0.0055 0.0550 0.0041 0.0585| 0.3509309546 1=
Peru 0.0072 0.1008 0.0429 0.1072| 0.5080327256

2022 | Unemployment § GDP per capita (| Inflation Rate(% )| Average Salary(\ D- Economic Index | Rank
Hong Kong 0.0025 0.0995 0.0505 0.0577| 0.4584688985 0.793 1
The United State 0.0043 0.1172 0.0013 0.1182| 0.4909437886 0.718 2
India 0.0003 0.0000 0.0011 0.0000| 0.03775436902 0.067 10
Russia 0.0029 0.0021 0.0000 0.0008| 0.07643036912 0.135 7
Germany 0.0080 0.0684 0.0005 0.0752| 0.3898728616 0.629 4 —
Japan 0.0106 0.0468 0.0161 0.0552| (.3586806769 0.650 3 )
Mexico 0.0056 0.0017 0.0005 0.0003 | 0.08991632658 0.155 6 S ¢ e
Morocco 0.0000 0.0000 0.0014 0.0000| 003889326023 0.069 9 ’ D g _|_ D -
Saudi Arabia 0.0008 0.0116 0.0258 0.0104| 0.2205655997 0.386 5 i 1
Peru 0.0003 0.0006 0.0003 0.0003| 0.0391167837 0.071 8




Group 5 |
Studying Car Crashes and the effectiveness of
Safety Precautions

Studying Car Crashes and the effectiveness of Safety Precautions
Overview

In dauly life. we often hear about car crashes on TV, and the injuries to the driv ers. However,
the details are often unclear, including how fast the car was going, i safety precautions, or
impact angle were present. This model is to calculate the danger of car crashes.

give them a
danger score index. and see if safety precautions can effectiv ely protect drivers

Content index

i Calculating the Force inflicted on the car dunng a crash by momentum

2 Separating the impact force mnto horizontal and paralle! forces

3 Determuning the weighting of separated forces by real life examples and making a
score wndex for danger levels
4 The effectiveness of airbags

[agmi prong Limg Lok & Actrrimme

| ~eitigate

N Pocun a . s =

M Modetiog 20238 [ Mememaris Modesiog Sl rop 3 Duoyng Car ~A 8 @ o
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Optimal Blind Angle Model for Sunlight Shading
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QEF Thematic Network on "Promotion of STEAM
Education by Infusing Mathematical Modelling
Into Secondary Mathematics” (2024/25)
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Why joining this ~
QTN Project?

o Good mathematical skills in general.

o Students are focusing the examination-type
guestions only.

o Seek more opportunities for them to discuss,
create and present their ideas in Mathematical
Lesson.

o Nurture the professional development of
mathematics teachers to guide students to
understand, learn and use mathematical
modelling to solve problems.

QD °C. V)



Schedule

First term:
o Two S4 classes with middle to high abilities

Second term
o Tasting lessons for two S3 classes with
middle to high abillities
o Follow-up work for first term activity for S4
classes




First term activity

o Two S4 classes
o Venue: Makerspace (STEAM room)
oWork in Group




Mathematical Modelling

* Mathematical modelling is the process of
describing a real world problem in
mathematical terms, usually in the form of
equations, and then using these equations
both to help understand the original

problem, and also to discover new features
about the problem.




Mathematical Modelling Cycle

Problem Identify and observe relations between two or more variables.

el VIEICEl Guess which model/relation may be suitable

Compute Collect data and compute suitable model to have “Best —Fit”

Interpret Explain why the relation happens and other factors may affect.

Validate Collect more data to check your model

Report Report and explain how your model can fit and predict the data.




Real—lif Problem

Based on Transport Department of Hong Kong,
we have the following data.

Year 2019 2020 2021 2022 2023
Total Licensed Petrolé
Cars (in 1000) 549 544 543 515 494 )
~ o/



® Real-life Problem

In order to have easier calculation, treat x as the
following

Year 2019 2020 2021 2022 2023

X 0 1T 2 3 4
TOtaC'; a'-ge(’%sfg 0':(’)‘:)’”0' 549 544 543 515 494
~ NS

"/ hd J.



Draw a straight line which is very close to all points. N—

o

= (4, 494)

s
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Introduction

Task 1: Linear Model

The set of data below follows a linear model y =ax+5b. where ¢ and b are constants.

X 2 3 4 5 6
y 5 9 13 17 21
(a) Find the constants a and

b and hence an equation connecting x and y .
(b) Find y when x=11 .

Task 2:

nadratic Model

The set of data below follows a quadratic model y =ax” +bx+c. where g and b are constants.
X 1

-"} -~

‘LJ‘

-

F 2

4

3

2

—

s

2

6

6
18

(a) Find the constants a. b and ¢ and hence an equation connecting x and y
(b) Find y when x=7.5 .
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N Activity Il

Using excel to let students discuss
and try different model by trial and
error




Group Number:

Y.

Topic of Your Group:

Group Members:

Class Class No. Name Class Class No. | Name

Group Work
Using Excel to explore

2019 2020 2021 2022 2023 th e d a_ta_

X 0 1 2 3 4

Test and Try and

feedback in Google Form

Please submit the following results in google form provided.

Your Data

Your estimated model: Linear/ Quadratic

yv=mx+k "=

3 a —
v=ax +bx+c ,

)=

c=

Discussion
1. Why does your group choose this model to estimate the model?

2. Search the information from the Internet, discuss the trends of data and corresponding factors

affecting.



Sitle
2019 2020 2021 2022 2023
ot X X 0 1 2 3 4
eal Figures 49.0| 50.7 51.4 63.7 54.7
-stimated Value y 48.0 920.0 92.0 24.0 96.0
-rror, Residual 1.0 0.3 2.6 6.7 5.3
Viodel: y=mx+K
n= 2 k= 48
70.0
00 Linear Model
50.0 ,_.d—-_/\*
40.0
30.0
20.0
10.0
0.0
0 1 2 3 4
~ \/ | j 9




) "o

S 2019 2020 2021 2022 2023
Y X X 0 1 2 3 4
o) eal Figures 44.2 27.9 26.9 30.0 47.7
stimated Value y 34.0 33.2 34.8 38.8 45.2
ror, Residual
odel: y=ax"2+bx+c
a= 1.2 b= -2 c= 34
Linear Model
0.0
0.0
0.0 . - _:__
0.0
0.0
0.0
0 1 2 3 4
—#—FReal Figures —s—y
\J \_/ o




- fix Timestamp

_Responses1 v

Timestamp v

13/12/2024 12:07:05
13/12/2024 12:09:36
13/12/2024 12:14:36
13/12/2024 12:15:14
13/12/2024 12:16:54
13/12/2024 12:19:24

13/12/2024 18:07:36

)

4D
4D
4D
4C
4C
4D

4C

Group 3
Group 4
Group 3
Group 4
Group 4
Group 1

Group 3

S N N N N

6 5 13 2.4 2.2 13.4
6 7 13.4 0 7 13.4
6 5 13 2.5 2.5 13
6 6.3 13.4 2.4 2.2 13.4
6 4.3 8 2.4 2.2 13.4
6 13.73 10 2.4 2.2 13.4
b6 7 13.4 0.62 17.38 -4.54
S




Reflection

Time control

T Y

Lack of time for Need more
letting students discussion time
present their work

Post-lesson time for
ss to design what
data they like te
explore more

Y,
Y



SeCOnd term Two S3 classes

Introduction to the concepts of mathematical

aCt|V|ty model by probability




ODbjectives

Using the concepts

and probabilities, Discuss and let
discuss with students explore
students how to difficult situations.

win the prize



v (1)  To enrich students’ experience in applying mathematics in handling daily life problems
'

Nt

(2) To enhance students’ abilities in applying probability in modelling real-life situations

Have you ever played a game in which you throw a token at random onto a tiled floor with tiles of the same size in
order to win a prize?

A square floor 1s tiled with 100 identical square tiles. A player throws a token onto the floor at random and she/he
will win a prize if the token lands entirely within the boundaries of a single ftile.

&

It 1s given that the size of each tile1s 3.2 cm x 3.2 cm and the diameter of a token1s 2 cm .

-\ (U



~_/

Activity 2:

/

The game below models the game in Jumpin Gym HLC. The diameter of a token 1s again 2 cm .

(1

3cm 2cm 2cm 4 cm 2cm 2cm 3 cm 3cm 2cm 2cm 4 cm 2cm 2cm 3 cm

If the token 1s located inside region IV , there will be a small prize. If the token 1s located 1s located 1n region III ,
there will be a medium prize. If the token 1s located is located in region II, there will be a large prize. If the token is
located 1s located in region I, there will be a special prize.

(a) What 1s the probability of getting a small prize?






- N

"

ot

Reflection

Lack of time to let students play
the game first

Next year, integrate with steam
lesson to design the board by
students
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