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Content

* What is mathematical literacy?

 What are the PISA results

* What did the results tell?

* How could we improve our mathematics education?




Definition of Mathematical Literacy

Mathematical literacy is an individual’s capacity
* to reason mathematically and

 to formulate, employ, and interpret mathematics to solve problems in
a variety of real-world contexts.

* It includes concepts, procedures, facts and tools to describe, explain
and predict phenomena.

* |t assists individuals to know the role that mathematics plays in the
world and to make the well-founded judgements and decisions
needed by constructive, engaged and reflective 215t Century citizens.



The Framework in PISA

Figure 2. PISA 2022: the relationship between mathematical reasoning, the problem solving
(modelling) cycle, mathematical contents, context and selected 21% century skills.

Figure 2.1. Mathematical literacy: the relationship between mathematical reasoning and the problem solving
(modelling) cycle
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Definition of Mathematical Literacy — cont.

Process knowledge

* Formulating situations mathematically involves applying mathematical
reasoning in identifying opportunities to apply and use mathematics

* Employing mathematics involves applying mathematical reasoning while
using mathematical concepts, procedures, facts and tools to derive a

mathematical solution

* Interpreting mathematics involves reflecting upon mathematical solutions
or results and interpreting them in the context of a problem or challenge.
It involves applying mathematical reasoning to evaluate mathematical
solutions in relation to the context of the problem and determining
whether the results are reasonable and make sense in the situation;
determining also what to highlight when explaining the solution



Process Knowledge — Mathematical
Reasoning

Mathematical reasoning (both deductive and inductive) involves
evaluating situations, selecting strategies, drawing logical conclusions,
developing and describing solutions, and recognising how those
solutions can be applied. Students reason mathematically when they:

* identify, recognise, organise, connect, and represent;
 construct, abstract, evaluate, deduce, justify, explain, and defend;

* interpret, make judgements, critique, refute, and qualify



Inductive vs. deductive reasoning
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Inductive and Deductive Reasoning in
Mathematics

* https://www.youtube.com/watch?v=1MeN-OI16-tM



What is your classroom?

Let’s go to padlet



* Inductive 2 STEAM education, “sense of mathematics”, more real-life
problems, more geometry focus,...

* Reductive 2 mathematics proof, fluency, accuracy, more number and
algebra focus, .....



Figure 2.1. Mathematical literacy: the relationship between mathematical reasoning and the problem solving
(modelling) cycle
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Lets go to Padlet



Formulating situations mathematically

* selecting an appropriate model from a list;

* identifying the mathematical aspects of a problem situated in a real-
world context

* identifying the significant variables;

* recognising mathematical structure (including regularities,
relationships, and patterns) in problems or situations;

* simplifying a situation or problem in order to make it amenable to
mathematical analysis (for example by decomposing);

* identifying constraints and assumptions behind any mathematical
modelling and simplifications gleaned from the context;

* representing a situation mathematically, using appropriate variables,
symbols, diagrams, and standard models;



Formulating situations mathematically — cont.

* representing a problem in a different way, including organising it according
to mathematical concepts and making appropriate assumptions;

* understanding and explaining the relationships between the context-
specific language of a problem and the symbolic and formal language
needed to represent it mathematically;

* translating a problem into mathematical language or a representation;

* recognising aspects of a problem that correspond with known problems or
mathematical concepts, facts or procedures;

e choosing among an array of and employing the most effective computing
tool to portray a mathematical relationship inherent in a contextualised
problem;

 creating an ordered series of (step-by-step) instructions for solving
problems.




Employing mathematical concepts, facts and
procedures

e performing a simple calculation;

e drawing a simple conclusion;

* selecting an appropriate strategy from a list;

* devising and implementing strategies for finding mathematical

solutions;
e using mathematical tools, including technology, to help find exact or

approximate solutions;
* applying mathematical facts, rules, algorithms, and structures when

finding solutions;
* manipulating numbers, graphical and statistical data and information,

algebraic



Employing mathematical concepts, facts and
procedures — cont.

* making mathematical diagrams, graphs, simulations, and
constructions and extracting mathematical information from them;

* using and switching between different representations in the process
of finding solutions;

* making generalisations and conjectures based on the results of
applying mathematical procedures to find solutions;

* reflecting on mathematical arguments and explaining and justifying
mathematical results;

 evaluating the significance of observed (or proposed) patterns and
regularities in data expressions and equations, and geometric

representations;



Interpreting, applying and evaluating
mathematical outcomes

* interpreting information presented in graphical form and/or
diagrams;

* evaluating a mathematical outcome in terms of the context;

* interpreting a mathematical result back into the real-world context;

e evaluating the reasonableness of a mathematical solution in the
context of a real-world problem;

e understanding how the real world impacts the outcomes and
calculations of a mathematical procedure or model in order to make
contextual judgements about how the results should be adjusted or

applied;




Interpreting, applying and evaluating
mathematical outcomes — cont.

* explaining why a mathematical result or conclusion does, or does not,

make sense given the context of a problem;
* understanding the extent and limits of mathematical concepts and

mathematical solutions;
e critiquing and identifying the limits of the model used to solve a

problem;
e using mathematical thinking and computational thinking to make

predictions, to provide evidence for arguments, to test and compare
proposed solutions.



Definition of mathematical literacy — cont.

e Content knowledge
* Change and relationships
e Space and shape
* Quantity
* Uncertainty and data



Content topics

* Growth phenomena * Measurement

* Geometric approximation * Numbers and units

 Computer simulations e Arithmetic operations:

e Conditional decision making * Percents, ratios and proportions
* Functions e Counting principles

* Algebraic expressions e Estimation

* Equations and inequalities * Data collection, representation
* Co-ordinate systems and interpretation

e Relationships within and among ¢ Data variability and its description
geometrical objects intwo and ¢ Samples and sampling
three dimensions * Chance and probability



 Computer simulations: Exploring situations (that may include
budgeting, planning, population distribution, disease spread,
experimental probability, reaction time modelling etc.) in terms of the
variables and the impact that these have on the outcome.



Contexts

An important aspect of mathematical literacy is that mathematics is used to solve a
problem set in a context. The context is the aspect of an individual’s world in which

the problems are placed.
* Personal
» focus on activities of one’s self, one’s family or one’s peer group

* Occupational
e centred on the world of work
* Societal
e focus on one’s community (whether local, national or global)
* Scientific
* relate to the application of mathematics to the natural world and issues
and topics related to science and technology



ltem distributions

Table 2.1. Approximate distribution of score points by domain for PISA 2022

% of score points in PISA 2022

Mathematical reasoning 25
Mathematical problem solving Formulating situations mathematically 25
Employing mathematical concepts, factsand 25
procedures
Interpreting, applying and evaluating 25

mathematical outcomes

Table 2.2. Approximate distribution of score points by content category for PISA 2022

Content category % of score points in PISA 2022
Change and relationships 25
Space and shape 25
Quantity 25

Uncertainty and data 25




PISA 2022 results



Performance of HK student

Year HK Score ( HK Ranking/No.

of participating regions 2022 Mathematical Performance

Ranking Countries/Economies  Score
2000+ 560 (1st / 43) 1 Singapore 575
2003 550 (1st / 41) 2 Macao (China) 552
3 Chi Taipei 547

2006 547 (3rd / 57) e eRE
4 Hong Kong (China) 540
2009 555 (3rd / 65) 5 Japan 536
2012 561 (3rd / 65) 6 Korez 527
2015 548 (2nd / 72) ’ Fstonia 510
2018 551 (4th / 79) 8 Switzerland 508
2022 540 (4th / 81) ’ Canada 497

10 Netherlands 493




Level of Proficiency in PISA 2022 Mathematics

Level

What student can typically do

2

At Level 2, students can recognise situations where they need to design simple strategies to solve problems,
including running straightforward simulations involving one variable as part of their solution strategy. They can
extract relevant information from oneor more sources that use slightly more complex modes of representation,
such as two-way tables, charts, or two-dimensional representations of three-dimensional objects. Students at
this level demonstrate a basic understanding of functional relationships and can solve problems involving simple
ratios. They are capable of making literal interpretations of results .

At Level 1, students can answer questions involving simple contexts where all information needed is present,
and the questions are clearly defined. Information may be presented in a variety of simple formats and students
may need t o work with two sources simultaneously t o extract relevant information. They are able t o carry out
simple, routine procedures according t o direct instructions in explicit situations, which may sometimes require
multiple iterations of a routine procedure to solve a problem. They can perform actions that are obvious or that
require very minimal synthesis of information, but in all instances the actions follow clearly from the given
stimuli. Students at this level can employ basic algorithms, formulae, procedures, or conventions t o solve
problems that most often involve whole numbers.




Level of Proficiency in PISA 2022 Mathematics

Level

What student can typically do

4

At Level 4, students can work effectively with explicit models for complex concrete situations, sometimes
involving two variables, as well as demonstrate an ability to work with undefined models that they derive using
a more sophisticated computational-thinking approach. Students at this level begin t o engage with aspects of
critical thinking, such as evaluating the reasonableness of a result by making qualitative judgements when
computations are not possible from the given information. They can select and integrate dif ferent
representations of information, including symbolic or graphical, linking them directly to aspects of real-world
situations. At this level, students can also construct and communicate explanations and arguments based on
their interpretations, reasoning, and methodology .

A t Level 3, students can devise solution strategies, including strategies that require sequential decision-making
or flexibility in understanding of familiar concepts. At this level, students begin using computational-thinking
skills to develop their solution strategy. They are able t o solve tasks that require performing several different
but routine calculations that are not all clearly defined in the problem statement. They can use spatial
visualisation as part of a solution strategy or determine how to use a simulation t o gather data appropriate for
the task. Students at this level can interpret and use representations based ondif ferent information sources and
reason directly from them, including conditional decision-making using a two-way table. They typically show
some ability t o handle percentages, fractions and decimal numbers, and to work with proportional



Level of Proficiency in PISA 2022 Mathematics

Level

What student can typically do

6

At Level 6, students can work through abstract problems and demonstrate creativity and flexible thinking to
develop solutions. For example, they can recognise when a procedure that is not specified in a task can be
applied in a non-standard context or when demonstrating a deeper understanding of a mathematical concept is
necessary as part of a justification. They can link different information sources and representations, including
effectively using simulations or spreadsheets as part of their solution. Students at this level are capable of
critical thinking and have a mastery of symbolic and formal mathematical operations and relationships that they
use to clearly communicate their reasoning. They can reflect on the appropriateness of their actions with
respect to their solution and the original situation.

A t Level 5, students can develop and work with models for complex situations, identifying or imposing
constraints, and specifying assumptions. They can apply systematic, well-planned problem-solving strategies for
dealing with more challenging tasks, such as deciding how t o develop an experiment, designing an optimal
procedure, or working with more complex visualisations that are not given in the task. Students demonstrate an
increased ability t o solve problems whose solutions often require incorporating mathematical knowledge that is
not explicitly stated in the task. Students at this level reflect on their work and consider mathematical results
with respect to the real - world context .




Mathematical processes

Figure 1.2.9. The mathematical modelling cycle in PISA 2022
* Mathematical Mathematical processes students go through to solve real-life problems and situations
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Source: PISA 2022 Assessment and Analytical Framework (OECD, 2023;2y).



Comparing countries and economies on the
mathematics-process subscales
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Math benchmarks — 2022

Country/Region Ra Mean Levellor Level 2 (%) Level 3 (%) Level 4 (%) Level 5 (%) Level 6 (%)
nk below (%)

Singapore 1 575 8.0 11.2 17.6 22.6 22.0 18.6
Macao (China) 2 552 8.4 14.4 23.2 25.4 18.4 10.2
Chinese Taipei 3 547 14.6 13.5 18.7 21.5 18.0 13.7

Hong Kong (China) 4 540 13.8 14.8 21.0 23.1 16.7 10.6
Japan 5 536 12.0 16.0 24.0 25.1 16.2 6.8

Korea 6 527 16.2 16.7 22.0 22.2 14.4 8.5
Estonia / 510 15.0 23.3 27.3 21.3 9.9 3.2
Switzerland 8 508 19.5 20.5 23.5 20.4 11.9 4.2
Canada 9 497 21.6 22.7 24.8 18.5 9.1 3.3
Netherlands 10 493 27.4 18.2 19.8 19.2 11.7 3.7




Percentage of students at each proficiency level on the
mathematics process subscale: reasoning — 2022

Country/Region Rank Levellor Level 2 (%) Level 3 (%) Level 4 (%) Level 5 (%) Level 6 (%)
below (%)

Singapore 1 8.8 11.6 17.5 22.1 21.8 18.2
Macao (China) 2 8.3 14.4 22.8 25.3 18.3 10.8
Chinese Taipei 3 14.2 14.4 18.7 21.5 17.6 13.7

Hong Kong (China) 4 13.9 15.6 21.2 22.6 16.6 10.1
Japan 5 11.5 16.6 24.6 25.4 15.9 6
Korea 6 17.2 16 20.8 21.1 14.9 9.9
Estonia 7 14.9 23.1 28 21.3 9.9 2.8

Switzerland 8 17.8 19.8 23.6 21.6 12.6 4.5
Canada 9 21.9 21.6 23.6 18.5 9.9 4.5
Netherlands 10 27.2 19 20.9 19.4 10.6 2.9




Percentage of students at each proficiency level on the

mathematics process subscale: formulating — 2022

Country/Region Rank Levellor Level 2 (%) Level 3 (%) Level 4 (%) Level 5 (%) Level 6 (%)
below (%)

Singapore 1 9.2 11.4 17 21.1 20.5 20.9
Macao (China) 2 9.8 13.7 20.9 23.7 18.4 13.5
Chinese Taipei 3 14.7 13.8 18.5 19.8 17.1 16

Hong Kong (China) 4 14.5 15.1 20.2 21.5 16.3 12.3
Japan 5 13.6 15.5 22.2 23.5 16.3 8.9
Korea 6 18.3 16.1 20.9 20.3 14.1 10.4
Estonia 7 19.5 21.3 24.3 19.3 10.5 5.2

Switzerland 8 22 19.2 21.6 19 11.8 6.3
Canada 9 26 20.6 21.4 16.6 9.4 6.1
Netherlands 10 28.6 18.8 19 17.2 10.9 5.4




Percentage of students at each proficiency level on the
mathematics process subscale: employing — 2022

Country/Region Rank Level1and Level 2 (%) Level 3 (%) Level 4 (%) Level 5 (%) Level 6 (%)

below (%)

Singapore 1 8.6 10.8 16.7 21.1 20.8 21.9
Macao (China) 2 8.8 14.1 234 254 17.6 10.7
Chinese Taipei 3 15 13.1 18 20 17.9 15.9

Hong Kong (China) 4 14.2 14 19.4 21.5 17 13.9
Japan 5 13.5 15.9 22.7 22.7 16.1 9
Korea 6 17.7 16.6 22.1 21.4 13.7 8.5
Estonia 7 15.5 22 26.4 21 11 4.2

Switzerland 8 20.5 20 22.5 19.3 11.9 5.7
Canada 9 24.9 21.3 22.2 16.8 9.4 5.5
Netherlands 10 28.1 15.8 17.7 17.7 12.9 7.6




Percentage of students at each proficiency level on the

mathematics process subscale: interpreting — 2022

Country/Region Rank Levell and Level 2 (%) Level 3 (%) Level 4 (%) Level 5 (%) Level 6 (%)
below (%)

Singapore 1 9 11.3 17 21 20.2 21.5
Macao (China) 2 9.9 14.5 22.5 23.8 17.9 11.3
Chinese Taipei 3 15.7 13.5 18.1 20 16.7 16

Hong Kong (China) 4 15.8 14.6 19.4 20.7 16.3 13.1
Japan 5 11.8 14.9 21.5 24 17.5 10.3
Korea 6 16.5 16 21.1 21 14.5 10.9
Estonia 7 16.8 21.9 25.6 20.6 10.9 4.3

Switzerland 8 21 20.1 22.8 19.4 11.2 5.6
Canada 9 22.8 20.3 22.1 17.9 10.6 6.4
Netherlands 10 28.3 17.4 18.4 17.8 12 6.2
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Mathematical content

* Quantity

* Uncertainty and data

* Change and relationships
* Space and shape



Comparing countries and economies on the
mathematics-content subscales
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Percentage of students at each proficiency level on the
mathematics content subscale: quantity — 2022

Country/Region Rank Levellor Level 2 (%) Level 3 (%) Level 4 (%) Level 5 (%) Level 6 (%)
below (%)

Singapore 1 8.7 10.6 16.9 21.2 20.9 21.7
Macao (China) 2 9.4 14.5 22.6 24.3 18 11.3
Chinese Taipei 3 15.7 13.6 17.8 20.6 17.3 15.1

Hong Kong (China) 4 14.6 14.1 19.3 21.7 16.8 13.5
Japan 5 14.3 15.7 22.2 22.6 15.8 9.4
Korea 6 16.9 16.1 21.8 21.8 14.8 8.7
Estonia 7 15.6 21.2 25.8 21.1 11.3 5

Switzerland 8 19.9 19.6 22.4 204 12.2 5.6
Canada 9 24.7 21.5 22.4 17.3 9.3 4.8
Netherlands 10 28 16.5 18.8 18.4 12 6.3




Percentage of students at each proficiency level on the
mathematics content subscale: uncertainty and data — 2022

Country/Region Rank Levell and Level 2 (%) Level 3 (%) Level 4 (%) Level 5 (%) Level 6 (%)
below (%)

Singapore 1 9.4 11.1 16.5 20.4 20.2 22.3
Macao (China) 2 9.6 14.2 22.5 24.6 17.9 11.2
Chinese Taipei 3 16.1 13.5 17.8 20 17.1 15.5

Hong Kong (China) 4 15.9 14.1 18.8 20.7 16.9 13.5
Japan 5 12.4 15.4 22.5 23.7 16.4 9.6
Korea 6 18.3 16.7 21 20.2 13.9 9.9
Estonia 7 18.3 23 26.3 19.6 9.2 3.6

Switzerland 8 22.8 19.9 21.9 18.3 11.3 5.8
Canada 9 23.8 20.2 21.7 17.3 10.4 6.5
Netherlands 10 28.4 17.7 17.7 17.2 12.1 6.9




Percentage of students at each proficiency level on the
mathematics content subscale: change and relationships — 2022

Country/Region Rank Levellor Level 2 (%) Level 3 (%) Level 4 (%) Level 5 (%) Level 6 (%)
below (%)

Singapore 1 8.7 11.5 17.3 22.1 21.4 19
Macao (China) 2 9.8 14.3 22.2 24.5 17.8 11.4
Chinese Taipei 3 14.8 14 18.1 20.2 17.6 15.4

Hong Kong (China) 4 14.9 15.2 21.1 22.3 16.3 10.2
Japan 5 12.9 16.2 23.5 24.8 15.5 7.1
Korea 6 18.3 16.2 21 20.2 14.5 9.8
Estonia 7 16.7 22.5 26.4 21 9.9 3.5

Switzerland 8 21.9 19.7 22.5 19.5 11.7 4.9
Canada 9 22.2 20.8 23 18.1 10.2 5.8

[EEY
o

Netherlands 28.6 16.7 19.8 18.7 11.6 4.6




Percentage of students at each proficiency level on the
mathematics content subscale: space and shape — 2022

Country/Region Rank Levellor Level 2 (%) Level 3 (%) Level 4 (%) Level 5 (%) Level 6 (%)
below (%)

Singapore 1 9.4 12.1 17.7 21.6 20.4 18.8
Macao (China) 2 9.1 14.2 22.3 23.8 17.5 13.1
Chinese Taipei 3 13.2 14.3 18.7 21.1 17.4 15.2

Hong Kong (China) 4 13.5 15.9 21.5 21.9 16 11.2
Japan 5 10.3 16.2 24.1 24.6 16.6 8.2
Korea 6 154 15.5 21.1 20.9 15.2 11.9
Estonia 7 16.3 21.8 25.3 20.3 11.3 5

Switzerland 8 17.4 19.1 22.7 20.9 13.2 6.7
Canada 9 25.8 21.2 22.2 16.7 9.1 5.1
Netherlands 10 27.9 21 21.6 16.9 9.1 34




Higher level

Lower level




What do you think ? Why?
Go to Padlet and share



My sharing

* Problem formulation?

e Data handling (tables)?

* Well-structured (informed) questions?

* Reasoning = solutions?

* Contextual problems?

* Teacher beliefs on “mathematics thinking”?
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Socio-economic Equity in Mathematics
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2000 2003 2006 2009 2012 2015 2018 2022
= Singapore 0.38 0.38 0.39 0.38 0.41
Macao-CN 0.14 0.15 0.13 0.16 0.17 0.16 0.22
= Chinese Taipei 0.36 0.35 0.42 0.35 0.35 0.40
e» e»HK-CN 0.24 0.25 0.26 0.25 0.27 0.23 0.23 0.24 _
= Japan 0.34 0.31 0.30 0.31 0.33 0.30 0.34
Korea 0.33 0.38 0.33 0.36 0.32 0.36 0.33 0.35
Estonia 0.35 0.28 0.29 0.31 0.29 0.37
= Switzerland 0.36 0.41 0.37 0.38 0.36 0.35 0.40 0.46
= Canada 0.30 0.32 0.28 0.32 0.31 0.29 0.28 0.32

Netherlands 0.35 0.43 0.39 0.39 0.34 0.33 0.37 0.39




Math performance by gender

Female Male
Singapore 568 581
Macao (China) 544 559
Chinese Taipei 544 550
Hong Kong (China) 536 544
Japan 531 540
Korea 525 530
Estonia 507 513
Switzerland 502 513
Canada 491 503

Netherlands 487 498




Gender Equity in Mathematics

Regions Corelations
Singapore 0.06
Macao (China) 0.08
Chinese Tapei 0.03
Hong Kong (China) 0.04
Japan 0.05
Korea 0.02
Estonia 0.04

Switzerland 0.06
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My sharing

* Task design

* What is

* Learning and Teaching with technology
* STEM education



Task Quality Implementation Results
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ll-structed problems

e Students create their own questions

* Ask students to identify the information they need to complete the
question, e.g., solve x + b=0and x + b - a=0

* Rich tasks, see some examples.



 Think tac toe

Non-procedural knowledge learning

Think Tac Toe

The Pythagorean Theorem

Directions: Complete the activities described in either one vertical or

Draw a right
triangle and label
the right angle,
legs, and
hypotenuse. State
the relationship of
the sides of a
triangle.

Complete all of
the EVEN Practice
Problems on

p: 266 of your
Prentice Hall text.

Determine a set of
8 Pythagorean
“TRIPLES.”

Prove them with
equations.

one diagonal row.

Name a career in
which one would
have to use the
Pythagorean
Theorem. Give an
example of when,
where and how it
would be used.

Complete the
Practice Problems
found at this site:
httpiiregentsprep!
Regents/math/fpyth/
PracPyth.htm

Write a descriptive
essay about
Pythagoras:

his life,
accomplishments,
and failures.

Design a teaching
tool with a diagram
of a proof of the
Pythagorean
Theorem.

Label it for all

to understand.

Create four (4) real
world problems that
would need the use
of the Pythagorean
Theorem. Show the
solutions.

Find another
mathematical
theorem. State
it, diagram its
proof, and write a
paragraph about
why, how and



Use a plastic square
sheet to estimate the
area of a regular

polygon.

Use lego cubes with
sides of 1 cm to build a
qguadrilateral prism of
volume = 30 cm3.

Pour water into a
cylinder to estimate the
volume of water.

Put 10 bricks into a
cylinder with water to
estimate the volume of
each brick.

Put 10 brick cubes into
a cylinder with water to
estimate the side of the
cube.

Draw all the faces seen
on a prism.

Use a plastic square
sheet to estimate the
area of a curved shape.

Use lego rectangular
prism with sides of
1x2x1 cm to build a
cube.

Use a plastic square
sheet to estimate the
area of an irregular

polygon.




Odd one out

V2 | /4

V8 | -2

% /2 isairrational number

% /4 integer

% /8 surd that is not the simplest form
#+/—2 imaginary number
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Low Quality Tasks GeoGebra

GeoGebra Graphing Calculator

H @&
f(x) =x —4
a=1
5 L
b=1
5 L ]
g:y=ax+b

Intersect (. g)

— A= (-1.79, -0.79)

— B=(279, 3.79)

Home

Download

e

+ @ @ ® O

Input...




* Adobe Flash Player 10
#wEE WRE EHC SHERH

a | Coefficients a, b and c in quadratic equation
°1
B4 a . =% -1
5 |
4T b ’ 3 - 2
]
12_. . C - 3 =1
G AT h B4 2 m]133 458678091 Algebraic Form
24
] 1) 1X° 42X +1=0
5] 2) 1X2 42X = -1
-+
Solving methods
Descriptions 1y quadratic o, _ —+2 FJ(+2 )% (4)(1)( 1)
formula X T o
A =0 equal to zero (=0) 1)
— 2) taking +2 2 0
X = square (1X + ?) = P

3) factorization ()( )()( ) =0




Multiple Representations

dragonfly problem. Examine the various ways that this
problem can be represented by student

One Prodlem Many Ways
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Opportunities for Reasoning
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Chapter 3 Quadratic quations in One Unfmown
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Mathematic concept development

* What is concept of triangle?
* What is concept of linear equations?
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Blended learning

Digital




Learning path
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Mastering Learning Your Increasing Building Demonstrating
Fundamentals Style Knowledge Skills Expertise
Three Required Projects | Three Required Projects | One Required Project One Required Project | Two Required Projects
1) Ice Breaker 4) Project 4 7) Project 8) Project 8 9) Project 9
2) Evaluation and 5) Project 5 Twao Elective Projects One Elective Project 10) Reflect on Your Path
Feedback &) Introduction to 1) Project 1 3} Project 3 One Elective Project
3) Researching and Toastmasters 2) Project 2 4) Project 4
Presenting Mentoring

—| Every Path has Required and Elective Projects: 14 projects across 5 levels - a combination of 10 Required projects and 4 Elective projects, '—




Learning Path

N

Formulating Task 1, 2, 3; game 5,6; MC 3,5
Employing Game 1, 2, task4,5; MC 1, 2
Interpreting Task 6, 7; MC 3, 4

Evaluating Task1,2,4,6,7

reasoning Game 1, 4,5; Task 3, 5



e o e e 0

Teaching with technology

* Moving from manipulation and demonstration to data collection
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Arkel Kallex Total Profit
Production quantity
Unit profits 350 300 0
Constraints Production Requirements per Unit Used Available
Drums required 1 1 0 200
Labour required 18 12 0 3132
Rubber hosing required 6 8 0 1440
Decision variables
Objective functions
LHS constraints




STEAM Education

* Using Tables

* Estimation

* Prediction

* Explain the STEAM using mathematics language



Mathematics Teacher Beliefs

e Accuracy oriented

* Procedural knowledge oriented

* Mathematics “definition” oriented
* Mathematics “concept” oriented

* Rote learning

* Rule based learning

* They are all GOOD, but ....... RE

* “You are what you eat”



An Emerging topic in mathematics
Artificial intellegnece
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Thank You

Thomas Chiu

Assistant Professor
Department of Curriculum
and Instruction
The Chinese University of Hong Kong

Email: tchiu@cuhk.edu.hk




Table 1.A1.6. Proficiency levels on the mathematical content subscale: Quantity

Level | What students can typically do

At Level B and above, students conceplualise and work with models of complex quantitative processes and relationships; devise strategies for selving problems: formulate conclusions,
argurnents and precise explanations; interprél and understand complex information, and link multiple complex information sources; interpret graphical information and apply reasoning o identify,
model and apply a numeric patiern, They are able o analyse and evaluate interpretive statements based on data provided; work with formal and symbolic expressions: plan and implament
sequential calculations in complex and unfamiliar contexts, including working with large numbers, for example to perform a sequence of currency conversions, entering values corectly and
rounding resulls, Stedents at this level work accuralely with decimal fractions; they use advanced reasoning conceming proporons, geometric representations of quantities, combinatorics and
integer number relabonships; and they interpret and understand formal expressions of relationships among numbers, including in 2 scientific conteat,

Al Level 5, students are able to formulate companson models and compare oulcomes 1o determing best price; interpret complex information about real-warld situations (induding graphs,
drawings and complax ables, for example two graphs using diffierent scales); they are able o generate data for two variables and evaluale propositions about the relabonship between them,
Students are abie 1o communicate reasomng and argument; recognise the significance of numbers o draw inferences; provide a written argument evaluating a proposition based on data
provided, They can make an eslimation using daily |ife knowledge, caloulate relatve andlor absolute change; calculate an average; calculate relative andfor absolute difference, including
percentage difference, given raw difference data; and they can convert units (for example calculations involving areas in different units),

At Lavel 4, students are typically able to interprat complex instructions and situations; relate texd-based numerical information to a graphic reprasentation; identify and use quantitativa information
fram multiple sources; deduce system rules from unfamiliar reprasentatons; foemulate a simple numeric model; set up comparison models; and explain their resulis, They are fypically able to
camy out accurate and mara complex or repeated calculations, such as adding 13 given times in houriminute format, carry out tima calculations using given data on distance and speed of a
joumey; parform simple division of large multiples in context, camy out caloulations nvolving a sequence of steps and accurataly apply a given numeric algorithm involving a number of steps,
Studanis at this lavel can perform calculations involing praporfional reasaning, dwisibility or percentages in simple models of complex situations,

At Level 3, shudents typically use basic problem-salving processes, including devising a simple stralegy to test scenarios, understand and work with given consiraints, use trial and error, and use
simple reasoning in familiar contexts. At this level students typically can interpret a fext description of a sequential calculation process, and correctly implement the process; idenfify and extract
data presenied directly in textusl explanations of unfamiliar data; interpeet text and diagrams describing a simple pattern; perform calculations including working with large numbers, calculations
with speed and time, conversion of units (for example from an annual rate to a daily rate). They undersiand place value imvolving mived 2- and 3-decimal values and including working with prices;
and are typically able to order a small seres of (4) decimal values: calculate percentages of up to 3-digit rumbers; and apply calculation rules given in natural language.

E Al Level 2, studemts can typically inlerprel simple tables o identify and extract relevant quantitative information; interpret a simple quantitalive model {swuch as a proporbonal relationship) and
apply il using basic arthmelic calculations, They are able to identify the links between relevan! textual mfarmation and 1abular data lo solve word problems; interprel and apply simple models
irvolving quantitative relationships; identify the simple calculation required to solve a straghl=forward problem; camy oul simple calculations involving the basic arthmedic operations, as well as
orderng 2= and 3-digit whole numbars and decimal numbears with one or two decimal places, and calculale percentages.

1a | At Level 1a, students are typically able to solve basic problems in which melevant information is explicitly presented, and the situation is straightforward and limited in scope, They are able o
handle situations where the required computational activity is obviows and the mathematical task is basic, such as performing one or two simple arithmetic operations with whole numbers or
perceniages, Students at this level can manipulate quantitative infarmation to make it amenable to computational analys:s, such as determining the total number of points samed by teams given
a record of thalr wins and |osses.




Table I.A1.8. Proficiency levels on the mathematical content subscale: Uncertainty and data

Level | What students can typically do

Al Level €, students are able to interprel, evalugte and crtically reflect on a range of complex slatistical or probabilistic data, infarmation and siluabons 1o analyse problems, Students al this level
bring msight and sustained reasoning acrass saveral problem elements; they undersiand the connections between dala and he situalions ey represent and are able (o make use of those
connections to explore prablem siluations fully; they bring approprate calculaton techniques to beaar to explore data or 1o solve probabelity problems; and they can produce and communicate
conclusions, reasonang and explanabions.

At Level 5, students are typcally able fo interpret and analyse & range of statistical or probabilstic data, informaton and situabons to sobe problems in complex contexts that require linking of
different problem components, They can use propartional reasoning effectively to link sample data to the population they represert, can appropriately interpret data senes over time and are
systematic in their use and exploration of data, Sludents &l this level can use stafisbeal and probabilistic concepts and knowledge to reflect, draw inferences and produce and communicate
resulls,

Sludants at Leve| 4 are typically able to activate and employ a range of data representations and statistical or probabilistic procasses (o interpret data, information and siluations 10 solve
problems, Thay can work effeciively with constraints, such as statistical conditions that meght apply in a sampling experiment, and they can interpret and actvely ranslate between two related
data representations (such as a graph and a data fable). Students at this leviel| can perform statistical and probabilistic reasoning to make contextual conclusians,

At Level 3, students are typically able to interpret and work with dala and statistical information from a single representation that may include muliiple data sources, such a3 a graph representing
several variables, or from two simple related data representations such as a simple data table and graph. They are able fo work with and interpret descriptive statistical, probabilistic concepls
and convenbions in contexts such as coin tossing or lotteries and make conclusions from data, such as calulating or using simple measures of centre and spread, Students at this level can
perform basic siatistical and probabilistic reasaning in simple contexts.

2 | Students al Level 2 are lypically able to identify, extract and comprehend statistical data presentad in & simple and familiar form such as a simple table, a bar graph or pie char; they can
identify, understand and uss basic descriptve stalistical and probahilistic concepls in familiar conlaxls, such as tossing coins or rolling dics, Al this level sludents can interprat data in simple
represenlations, and apply sutable caloulaton proceduras thal connect given dala 1o the problem context reprasanied,

fa | AtLevel 1a, students can fypically read and extract data from charts or fwo-way tables, and recognise how these data relate iothe context. Students at this level can also use basic concepts of
randomnass fo identify misconceptions in familiar experimental contexts, such as fipping a coin.




Table |.A1.5. Proficiency levels on the mathematical content subscale: Change and relationships

Level | What students can typically do

Al Level 8, sludents use significan! insight, absiracl reasaning and argumeniation skills and tachmical knowledge and convenbions o solve problems nvaolving relabonships among varables
and 1o generalise mathemalical solutions 1o complex real-world problems, They are able lo craale and wse an algebraic model of a funclional relatonship ncarparating mulliple quantites, They
apply desp geomelncal msighl lo work with complex paltems. And they are ivpically atle o use complex proportional reasoring, and complex calculations wilh percentage 1o explore quantlalive
relalionships and change,

At Level 5. students solve problems by using algebraic and other formal mathematcal models, induding in scientfic contexts, They are typically able fo use complex and muli-step problem-
solving skills, and to reflact on and communicate reasoning and arguments, for example in evaluating and using a formula to predct the quantitative effect of change in one vanable on another,
They are able io use complex proporional reasoning, for example to work with rates, and they are generally able to work competently with formulae and with exoressions including inegualities,

Studenis at Level 4 are typically able to undersiand and work with multiple represantations, including algebraic models of reakwordd siuations. They can reason aboul simple funcbonal
relationships between variables, going beyond mdividual data points to identifying simple underlying patterns. They typically employ some flexibiliy in interpredation and reasoning aboul
functional relationships (for example in explonng distance-time-speed relationships) and are able to modify a funclional model or graph 1o it a specified change to the situation; and they are able
to communicate the resuling explanations and arguments,

A1 Level 3, students can typically solve problems that invelve warking with information from twao related representations (texl, graph, table, formulag), requiring some inlerpretation, and using
reasoning in familiar contexts. They shaw some ability to communicate thalr arquments. Students al this level can typically make a straightforward modification to a given functional model tafita
new situation; and they use a range of calculation procedures 10 salve problams, including ordering data, time difference calculations, substitution of valies mto a formula, of linear interpolation,

2 | Students at Level 2 are typically able to locate relevant informaticn on a relationship from data provided in a table or graph and make direct comparisons, for example io match given graphs
to a specified change process, They can reason about the basic meaning of simple relationships expressed in text or numeric form by linking text with a singla representation of a relationship
(graph, table, simple formulz), and can comacily substitule numbers info simpla formulae, somelimes expressed in wards, At this level, stedent can use inlerpretation and reascning skills in a
| straightforward context invalving linked quantities,

1a | Studenis &t Level 1a are typically able to evaluate single given statemanis about a relabonship expressed clearly and direclly in & formula, table, or graph. Their ability to reason about
relationships, and change in those relationships, is limited to simple expressions and to those located in familiar situations, such as contexts invalving unil rates, They may apply simple
calculations needed to salve problems related to clearly sxpressed relationships.




Table .A1.7. Proficiency levels on the mathematical content subscale: Space and shape

Lavel | What students can typically da

Al Level 6. students are able o solve complex problems imvalving mulliple representabons or calculations; iertify, exiract, and ik relevant information, for example by extracting relevanl
dimensions from & digram or map and using scale 1o calculale an area or distance; they use spatial reasoning, significant insight and reflecton. for example by interpreting text and relaled
conlextual malerial o formulate a useful geometnc model and applying it taking into account contextual consiraints; they are able 1o recall and apply relevant procedaral knowledge from their
mathemabical snowledge base such as in crole geomelry, Ingonometry, Pythagoras's rule. or area and volume formulae to solve problems; and they are typically able 1o generalise results and
findings, communicate solutions and provide justifications and argumentation,

At Level 5, students are typically able to solve problems that require appropriate assumptions 10 be made, or that inolve reasoning from assumptions provided and taking into account explicitly
stated consfraints, for example in exploring and analysing the layout of a room and the fumitune it contains, They solve problems using theorems or procedural knowledge such as symmetry
properties, or similar triangle properies or formulas including those for calculating area, perimeter or volume of familiar shapes; they use well-developed spatial reasoning, argument and insight
to infer relevant conclusions and to interpret and link different representations, for example to identify a direction ar location oa a map from textual information,

Students at Level 4 typically salve problems by using basic mathematical knowledge such as angle and side<dength relafionships in triangles, and doing so in a way that invelves multistep, visual
amd spatial reasoning, and argumentation in unfamiliar contexts; they are able to link and integrate differant representations, for example to analyse the structure of a three dimensioral object
based on two different perspectives of it; and typically they can compare chjects using geometric propertes.

Al Level 3, sludents are able to solve problems thal involve elementary visual and spalial reasoning In familiar conlexts, such as caloulating a distance or a direction from a map or a GPS device,
they are ypically able 1o link dfferent representabions of familar objects or 1o appreciate properlies of objects under some simple specified lransformabon; and at this [evel studenis can devise
simple sirzlegies and apply basic properties of triangles and circles, and can use approprate supporling calculation lechnigues such as scale conversions needed to analyse dislances on a map.

2 | AlLevel 2 studanis are typically able o salve prablems invelving a single familiar geomelnic representation (for example, a diagram or olhar graphic) by comprehending and drawing conclusions
in relation 1o clearly presantad basic geomelric properlias and associaled constraints, They can also evaluale and compare spatial charactenstics of familiar abjects in a situation where given
consiramts apply (such as companng the height or circumference of wo cdinders having the same surface area; or deciding whether a given shape can be dissecied (o produce anather
specified shape),

1a | Studenis al Level 1a can typically recognise and solve simple problems in a familiar context using piclures or drawings of familiar geometric objects and applying basic spatial skills such as
recognising alementary symmeftry properties, or comparing langths or angle sizes, or using procedures such as dissection of shapes,
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