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School Background

Direct Subsidy Scheme (DSS) through -train school
English as Medium of Instruction

Major concern in school development cycle (2018/19 - 2022/23).
Nurturing Global Citizenship

- Implement inquiry learning to promote the three focuses of global
citizenship in solving global issues

-  Promote the habit on reading global citizenship related texts



Student Characteristics

e Background: Students of different ethnic groups

o Thought: No strong connection between Mathematics and daily life
situation

e Curiosity: Wonder the applications of Mathematics in various areas

o Lesson behaviour: Afraid of giving “wrong” answers / waiting for
correct answers



School-based support service - Timeline

/\"f\
Sept 2022 15t meeting

G

- Introduce the support service
- Discuss the support level and focus

Support level:
Support focus:

S3

Using an inquiry approach and explanatory
activities to enhance students’ learning
experience and motivation

\_/
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Co-planning (1)

- ldentify key concepts in mathematical modelling Qor@
- Plan learning activities and discuss expected students’ N
learning outcomes Sept 2022

Co-planning (2)
@ - Refine learning and teaching materials

- Predict learning difficulties and modify = respective classroom

instructions

Oct 2022 Lesson observation

Oct 2022




Curriculum planning

1. Connect student pre -requisite knowledge and daily life experience
to lesson activities

o Topic

o Using the spread of COVID -19 as an example to strengthen students’
problem solving skills through mathematical modelling

e Context
o Fifth wave pandemic of COVID -19 in Hong Kong
o Mathematical knowledge

o S.3 Percentage (II) — Growth and Decay



Curriculum planning

2. ldentify key concepts

o Mathematical modelling

o lIts definition - Galbraith , P., & Holton, D. (2018). Mathematical modelling: a
guidebook for teachers and teams
Mathematical modelling refers to using mathematical concepts and language t

describe a real world situation, to test ideas and make estimations about the situatio

by mathematical computation and analysis. Teachers may explain to students that
at a very basic and simplistic level, “mathematical model” has been used in the
sense of (Galbraith & Holton, 2018).

o Source: EDB Resources — STEAM Examples — Mathematical modelling on the

accommodation demand of visitors to Hong Kong
To formulate a mathematical model to represent |the number of visitor arrivals at|

|the nth years after a particular year{ by assuming constant growth rate
The model for Activity 1 is Ny = V(1 +5%)".




Curriculum planning

s
2. ldentify key concepts ./ .
e Spread of disease ./ \.
o Simple epidemic model
= Source: EDB Resources — STEAM Examples Basic reproduction number (RRg)
] ] and effective r(?productlve
— Modelling the spread of a disease number-at time (Ry)
o Basic reproduction number (R,) and 3
Effective reproductive number at time (R ,) Sy

at time (Ry)

s  Source: HKU Medicine

Visit the real-ti
School of Public Health to stay updated on
outbreak statistics.




Curriculum planning

3. Incorporate the knowledge of mathematical modelling to reading tasks

e Article 1: Recognise the stages of mathematical modelling

e Article 2: Understand the meaning of basic reproduction
numbers (R,) and effective reproductive numbers (R,)

e Questions for If R; goes below 1,
reading tasks is the outbreak over?

Current precautions should not be relaxed even if R; goes below 1.
Other factors must be considered too, such as:

AN rﬁrrﬁ o

Number of confirmed Demographic Availability of
cases composition medical resources




Curriculum planning

4. Conduct a case study with authentic data

e Authentic data

o Dalily confirmed cases of COVID -19 from 4/2/2022 to 10/2/2022

o Source: HKU Medicine — Real-time Dashboard

Epidemic curve by confirmation date and stratified by case classifications
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Learning and Teaching strategies

e Reading tasks
0
g  Inquiry activities + discussion (in-class) J
-  Inquiry activities + reflection (after class) J




earning and Teaching strategies

Pre-lesson: Reading tasks

Learning objectives :
¢ Recognise the stages of mathematical modelling through reading article 1.

¢ Understand the meaning of basic reproductive numbers and effective
reproductive numbers through reading article 2.



earning and Teaching strategies

Pre-lesson: Reading tasks

il Question design:
e Assess their understanding

e Name three applications of mathematical modelling

e EXxplanatory questions
e Summarise main stages involved in mathematical modelling

e Meanings of effective reproductive numbers (R;>1,=1&<1)

e Give reasons to support their answer

e Assuming R, <1, is the outbreak over?



tudent Performance - Pre-lesson task

Pre-lesson: Reading tasks

Some students paraphrased and summarised the stages involved in
mathematical modelling.

Q2. Summarize those five main stages involved in mathematical modelling,

Wk mate_yirviables an] assumsline T Stlve the plodlep,

The second stage : Develop the model using algorithms and numerical methods.
The third stage : Analyse the results from the model and express and evaluate

N,
The forfh <Tﬁwe i) 1 A A e male| b i the volibfy, of The madel 7
ﬁqt Tl coge . 7,7 Torlir vnud?‘n 8 hde] Ti 1 Loppp_Hhe (om/ex:fv 0 o The
¢ 'Hfiohm

'\..



tudent Performance - Pre-lesson task

Pre-lesson: Reading tasks

Many students showed their understanding about R, of different
magnitude.

Q3. Obviously, R reflective of the current pandemic progression. Then what are the meanings of R, > 1,

Rf_ 1 and Rt< 1?
L Re 7|, then one case has more 'Chan ' Scconélomq Cads€ on avefaqe.

If Re=1,then one case has | gecondary, case. on averotge
H Re €I then one ecase has less thoa | seconolory cofe on awerage..




tudent Performance - Pre-lesson task

Pre-lesson: Reading tasks

Students demonstrated thinking from different views.

Q4. Assuming R: goes below 1, is the outbreak over?

No it 15 not, Onlaj ot a q;\m time s Re < Affer some €ime, the
owtbrectk ean spm& end|cen incre«ase,olune, to other _poss;lg}g,
|fac'60f$.IBh then, Re con be | or |arger than one ond the Owtbrak
will eontinue.

Q4. Assuming R, goes below 1, is the outbreak over?

The outhreax_ir pot_owr- Althoush the number 0+ sewnddn carps giwn s less thet

the Qrergre pambec of _cares, |Thert art stih paple infectod  onery oy, bt the nwmbe

of carer 15 not vk qr betore,




Learning and Teaching strategies

Lesson Part 1 —learning objectives

1. Investigate the effect of R , on the spread of disease.

Inquiry Approach

2. Apply the simple epidemic model to construct the mathematical model




Learning and Teaching strategies

Lesson Part 1 —learning objective 1 (Investigate the effect of R ;)

Inquiry Approach
3 scenarios were provided for investigating the relationship between R~
and the spread of disease. .

o 1St scenario: R, = 2 = introducing the simple epidemic model P o B i 1

o 2" scenario: Ry =8,i.e. R, ofSource: CityU Research News]
, Relate mathematical

o rd . =
SescenarorRyF 12 modelling to daily life

,\\ <3 @ About CityU  Admissions  Academics €

.;, \The aim was to simulate the number of infections that may be caused by th€ fiftth wave Jinder different

intervention policies: assuming (i) 65% of the population has received at least one dose of the vaccine, (ii)
:--. -.-:.;E Eq-‘i

vaccine effectiveness against infection is 50% (Sinovac) and 70% (BioNTech), (iii) the basic repro
ﬁﬁ when the entire population is susceptible, not vaccinated or there is no

number (RO) for Omicron
exercising of social distancing measures), and (iv) antibodies wane across time.




Learning and Teaching strategies

Lesson Part 1 - |earning objective 1 (Investigate the effect of R )

Inquiry Approach

o Similar questions were set in 3 scenarios to let students observe the
effect of R , on spread of disease.

(¢]

Scenario 1 (R, = 2): After n generations of spread , the newly infected

cases first exceeds 10000 . Find n.

Scenario 2 (R, = 8): How many generations are needed when the newly

infected cases first exceeds 10000 ?

Scenario 3 (R, = 12): Find the number of generations needed if the newly

infected cases first exceeds 10000 .

. 4

Compare the three scenarios, what can you conclude
__about the disease with different R,?

-
.




Learning and Teaching strategies

Lesson Part 1 - |earning objective 1 (Investigate the effect of R )

Scenario 1

Suppose R, =2 and there 1s only 1 infected person in Hong Kong.

2. What 1s the number oflnewly infected cases in the 1%, 22 and 3™ generation of spreadl‘espectively?

-

Find »n. Briefly explain your

After n generations of spread. the newly infected cases]first exceed 10 000.
answer.

-
.

\"“‘-.__". - =
m»;;, “‘H«@H Q2: Observe the growth pattern in the first three generations
.
\‘v-\.\_ - - - - - .
e (Q3: Set up an equation , it will be used for comparison with different R, later




Learning and Teaching strategies

Lesson Part 1 - |earning objective 1 (Investigate the effect of R )
Use authentic data

Scenario 2

A highly transmissible variant of COVID-2019. Omicron, appeared. Suppose it{Ro 1s equal to 8)[Source:
https:/www.citvu.edu.hk/media/news/2022/02/09/accurate-estimate-Sth-wave-covid- 1 9-1niections-using-
cityvu-mathematical-model-predicted-peak-vet-come|. Assume there is only 1 infected person in Hong Kong.

2

How many generations of spread are needed when the newly infected cases|first exceed 10 U{)OI’

)

What 1s theftotal number of people infectedjafter 5 generations of spread?

.
R

"'b«_NQZ: Similar to Scenario 1 (Set up equation for comparison later)

° Q3 Test their understanding of the relationship between newly infected cases and
total infected cases




Student Performance - Lesson Part 1

Lesson Part 1 - |earning objective 1 (Investigate the effectof R )

e Students applied the concept of growth to find the number of new cases.

e More able students rewrote the expression as A x (1+r%) ".

Scenario 1

Suppose R, =2 and there is only 1 infected person in Hong Kong.

2. What is the number of newly infected cases in the 1%, 2" and 3" generation of spread respectively?
In the first generation = | <CI+ Q076D = 2

4 / 2%c1*100%)

3 7 Hx+]00%)

_.x '.i-c.-r_.m..e;. qﬁfﬁfﬂ.ﬂﬁ = ]*.n: L""I'Dﬂ"}ﬁ]:}
third generot; ond | <CI1+100%5)* =




Student Performance - Lesson Part 1

Lesson Part 1 - |earning objective 1 (Investigate the effect of R )

Without the knowledge of logarithm,  students set up an equation and found n by
testing .

3. After » generations of spread, the newly infected casesl first exceed 10 000.|Find ». Briefly explain your
answer.

! W e%) = 10000

2_“ T (0000

192 < (0000

I_L‘)?\L" 7 V0 ©0DO




Student Performance - Lesson Part 1

Lesson Part 1 - |earning objective 1 (Investigate the effect of R )

Scenario 2

A highly transmissible variant of COVID-2019, Omicron, appeared. Suppose its Rp is equal to 8 [Source:
https:/f'www.cityu.edu.hk/media/news/2022/02/09/accurate-estimate-Sth-wave-covid-19-infections-using-

cityu-mathematical- -predicted-peak-yet-come]. Assume there is only 1 infected person inHong Kong. @  Sjmilar to Scenario 1’ students s et up an
1. Express Roin the form of 1 + r%. = V1 100%

equation and found the answer by testing .

2. How many generations of spread are needed when the newly infected cases first exceed 10 0007
w
X (00 %)" = 0000
W = 0

§¢ = 4ga< (0000
35 = 321457 10000 |

S TR (eOSk volug OF iy B Geenario 3)
H " .-'_

™ For different infectious disease, their £ are different. Suppose there is only 1 infected person in Hong Kong.
\ An unknown virus appears in Hong Kong. Suppose R, =12. I+lieds = | 41
1. Find the number of generations needed if the newly infected cases first exceed 10 000,
1729 ntwly infecfed cases I
20736 pewly indected s %es I Lo b generation hee dfo{




Student Performance - Lesson Part 1

Lesson Part 1 - |earning objective 1 (Investigate the effect of R )

e Students analysed the effects of R ; and wrote a conclusion from different views.

2. Compared with Scenario 1, 2 and 3, what can you conclude about the disease with different Ro?

_MghatM; -'ch'lt, spreads . | Rate of spread

The lorger Rg s Jthe less generations 1t fakes| for the respectie the number of

discare to exceed 10000 newly infected cases, the lorger the difference. generations needed

to attain a certain
0 betueen each goreration number of new cases

W

-\“-.



Student Performance - Lesson Part 1

Lesson Part 1 - |earning objective 1 (Investigate the effect of R )

e Students analysed the effects of R ; and wrote a conclusion from different views.

2. Compared with Scenario 1, 2 and 3, what can you conclude about the disease with different Ro?

number of infected
people in each
generation

difference between
each generation

;Q_lmqﬁﬂ' R . _,_},pi&d_'{‘ﬂ'-"hf . ia.rgt}ﬂ




Design school -based L&T strategies

Lesson Part 1 - learning objective 2 (Construct a mathematical model)

Inquiry Approach
e Using scenario 1 - 3, generalise and construct a model for the diseas€:

e Formore able students: test their understanding of the difference between newly

infected cases and total infected cases

Our mathematical model (formula) for COVID-2019:

Suppose there are 4 infected people in Hong Kong originally and Ro= 1 + »%. After n generations of spread.

number of newly infected cases =

Total llU]]lber Of i]lfected cases = Cha"englng queStlon fOf more able StUdentS




Student Performance - Lesson Part 1

Lesson Part 1 - learning objective 2 (Construct a mathematical model)

Our mathematical model (formula) for COVID-2019:

e Less able students:

Suppose there are 4 infected people in Hong Kong originally and Ro= 1 + 7%. After n generations of spread,
" " o needed more time
number of newly infected cases = A \\'Wulb\ / A KU
S — o needed more
Total number of infected cases = P\‘fP&“( o) IP\CHW\ 1 % AQERY :
otal number o ected cases = \ Ve + W Je - {0 ass|stance to get

En'{’“&“ ofLé;s%n Worksheet (Pgﬁ 1) - 3O the nth term

e More able students:

Our mathematical model (formula) for COVID-2019:

?- Suppose there are 4 infected people in Hong Kong originally and Ro= 1 + 7%. After » generations of spread, o constructed a
' A" model (even in
number of new, - Alhr’) .
Ak : ] different
Total number of infected cases = i Alhr) / ATA (H(’/’) * T A(%) presentations )

k=0




Learning and Teaching strategies

Lesson Part 2 - learning objectives

1. Observe the difference between the constructed

model and the authentic data through 2 case  studies. | nauiry Afproa"h
2. Recognise the assumptions and limitations of Explanatory Activities
mathematical modelling.

3. Appreciate the importance of mathematical
modelling.



Learning and Teaching strategies

Lesson Part 2 —learning objective 1
Two case studies were introduced to let students observe the difference

between the constructed model and the authentic data.

Case 1: Without any preventive measures (assumption)
Assumed factors:
1. Assumed R, as 2.2 (one person will continue infecting 2.2 people).
2. There are no any preventive measures.
3. One day as one generation of spread.
Case 2: With preventive measures (authentic data
10/2/2022 )

from 4/2/2022 to



Learning and Teaching strategies

Lesson Part 2 —learning objective 1  With the assumed factors,
: 1 students were able to plot the

graph that is exponential, while
the number of cases will never
Hov o= drop.
e P Daily Confirmed Cases of Covid-19
Jaors ——t—t—r—rt 1400
pone . " 1200
b § i
b ' E’sw
fore : :_.  :: Eam
T 400
o g
200 : af2f2002  sjzf20m2  ef2/2022  7/2f2022  Bf2/2022  9[2/2002  10/2/2022 * "'
B i i Date G
2| q nl , “igure 1: COVID-19 Daily Confirmed Cases from 422022 1o 1022022 |
Formalate i o ffdee Akl Yebon QPRm MRl Thon the graph was Used M masmamss

Number of new cases = }gl U 1‘[2[]% tO Compare W|th the

graph of authentic data / /
_ _ =




Learning and Teaching strategies

Lesson Part 2 - learning objective 2
Reflection & Evaluation by students
1. What reasons behind will lead to the difference between the two
graphs?
2. What are the limitations of the model?
3. Why do we need mathematical modelling?




Student Performance

Lesson Part 2

Lesson Part 2

- learning objective 2

Assumptions witnessed by students:

2. What reasons will lead to the difference observed in the two graphs?

ecrenst of mported caes ). |F

the qouunmah‘l‘ 'flath\‘\ the codial o{'-s’ramm poticy I the. nuvnlmr of rem Coces moy

oleﬂ(&d&. Theretore C&MSIM The. T' W Pg,\‘t 2 . However, the

no. of (,me.s predictedin Pm-’r | fends To increas , widevimg the o0y of ﬂra*:w of coes fn
o e L parfs.

What reasons wj]I lcad to 1]1c diﬂ'crt:ncc observed in the two graphs?

| Actual interventions LRt <R

ASSUupption Lda3 Is eath generation

unﬁxpec,r.od Cases




Student Performance - Lesson Part 2

Lesson Part 2 - learning objective 2

Limitations witnessed by students:

3. What are the limitations of the model in Part 1?
There_con be lode of anfowatn oad ditn monthirha s owe weeesfandmy o phenorat mon ey

wot be cmgleth .

3. What are the limitations of the model in Part 1?




Student Performance

Lesson Part 2 - learning objective 3

- Lesson Part 2

Students appreciated the applications of mathematical modelling
5. Why do we need to use modelling?

bocomse it QMS Us e (45 oV and ﬂLmﬁﬁg\‘ fire }mL_Lm Sallutem

, S0 it o hezn’p us’ dwezfvf

pccurete  Heas and assumplios sortime., ”ngug\‘a\nﬂ“\p% a gitoaton betler con lof Us
oy will hetfee soludtrons.

5. Why do we need to use modelling?

we Je +o { what | T

o 0 . (Q,ﬂ- ~
no. of www cafes) fo oled people, what [ odis t heappen Tn The veomdt

cage .

o
_al

’_,..-/

_



Effectiveness and Reflection

e Students enhanced their generic skills such as

o mathematical skills

s Apply various mathematical concepts in authentic situation (e.g . set
formula, solve equations , test hypothesis )

s Handle statistical data and make reasonable interpretation of results
(e.g. case studies)

o communication skills

s Use appropriate mathematical language in verbal and written
communication to present information and different points of view (e.g
draw a conclusion, reflection and evaluation )

Students were more active in lesson activities (e.g. when introducing the simple
epidemic model).

e Students showed their appreciation for the applications of mathematical modelling.



Effectiveness and Reflection

o Limited preparation time
o Questions can be more adaptive to diverse student abilities.

o Reading passages can be used for arousing \
students’ interest in learning. 2 Finding a better solution

S
o
e

o Change in the teaching belief inding a correct solution

“All models are wrong, but some are useful.”

George Box



The way forward

o Improvementin task design (Simpler language? Change in guiding
guestions? More interactive?)

e Enriching STEAM elements (Handling a large data set with the use of
technology?)

e Cross-subject collaboration? (PSHE Project learning/ other STEAM
related subjects?)



End
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